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Abstract: 
 
Our main goal for this report was to ascertain if the Modified P-Index for Denmark is applicable for use 
with a small-scale freshwater catchment on Zealand. For this purpose, 53 soil samples were obtained 
from various locations (totaling 23 test fields) in the Haraldsted catchment study area between April-
May 2008. All samples were analyzed for: texture carbon content, soil P content and the USLE were all 
applied to calculate P Indexes for each individual sample. We obtained P-Index results totaling 35.8% 
low risk areas, 20.8% medium risk areas, 9.4% high risk areas and 34% very high risk areas, which were 
atypical when compared to other studies of this area which reported a 95.8% very high risk of P loss 
(Schiøtz et al, 2006). 
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List of and Abbreviations: 
 
CI: Confidence Interval 
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DRP: Dissolved reactive phosphorus 
EPA: The United States Environmental Protection Agency 
EU-EPA:  European Union Environmental Protection Agency 
GLS: Generalized Least Squares 
 
IDF: Intensity-Duration-Frequency 
MAP: Mean Annual Precipitation 
NASA:  National Aeronautical Space Administration 
NERI:  Danish National Environmental Research Institute 
NOAA:  National Oceanographic Atmospheric Administration 
P-Cycle: The Phosphorus Cycle 
P-Index:  Phosphorus Index 
P-Loss: Phosphorus Loss 
P-Risk: Phosphorus Risk for loss 
P-Transport: Phosphorus Transport 
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Introduction: 
Eutrophication is a growing problem in Denmark as well as in other European Union (EU) 
countries (European Environmental Protection Agency, 1999).  Until recently, the role of phosphorus 
(P) from the agricultural industry has not really been considered in the process of eutrophication.  The 
aim of previous efforts for reducing eutrophication has focused only on Nitrogen (N) reduction.  With 
this new focus on the role that phosphorus plays in eutrophication of local waters, a better understanding 
of the phosphorus cycle (P-cycle) and its transport mechanisms is essential for dealing adequately with 
this problem. In 2000, the EU Parliament has implemented a directive that EU lands should reduce the 
phosphorus loss from agricultural lands and closely monitor the phosphorus loss (P-loss) (Andersen and 
Kronvang, 2006). 
In order to comply with this directive, a method of assessing the risk of phosphorus transport/loss 
had to be developed. The Phosphorus Index (P-Index), originally developed in the United States (USA) 
was developed as a model to give a qualitative measurement of the risk of phosphorus loss on 
agricultural land.  It takes into account several variables, such as: what type of fertilizer was used, and 
various transport mechanisms to come up with the risk assessment of the loss of phosphorus (Andersen 
and Kronvang, 2006). 
Target Group: 
The main focus of this report is for those professionals working with water quality management 
or agricultural industry that have an interest in the phosphorous loss from agricultural fields in Denmark 
with regards to the EU directive. This report is targeted for those who may be considering using the P 
Index in order to comply with this directive.  It is meant for those that are wondering whether or not the 
P-Index developed for Denmark by Andersen and Kronvang for a large catchment system (2006) is a 
valid measurement for other catchment systems. People that are interested in modifying the P-Index to 
work with different parameters than those that were used in the Pennsylvania P-Index could also benefit 
from this report; these parameters could be different soil drainage types, how slope affects surface 
runoff, and others. Upper students of ecology or geography may also find this report useful with regards 
to how phosphorus loss from agricultural fields can be measured using different models.   Finally, this 
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report will be of interest for those whose studies have a primary interest in catchment characteristics, 
and how phosphorus loss from agricultural fields can affect them. 
Problem Formulation: 
The aim of this project report is to determine:  
Is the P Index Model developed for Denmark usable with small-scale freshwater 
catchments?  
 
In order to answer our question, we need to have an understanding of how the P-Index model is used to 
calculate the risk of P loss in a given catchment, as well as the forces that govern the transport and 
cycling of phosphorus between the soil and the water body.
Larsen & Tock                                                                            4 June 2008 
 
 
Page 8 of 97 
Phosphorous Transport/Loss Theory 
 
With a basic understanding of the chemical properties of phosphorous and the physical properties of 
soil, it becomes clear that there is no singular ‘culprit’ with regards to phosphorous loss from 
agricultural land to the aquatic environment.  The environmental impact of additional phosphorous to 
the soil profile (normally in the form of fertilizer/manure) can vary greatly from catchment to catchment, 
which can be categorized into the following natural and land management controls which we will further 
examine: (Heathwaite, 1997) 
1. Natural Controls: 
a. Climate 
b. Soil type and drainage characteristics 
c. Soil P content 
d. Runoff incidence and hydrological pathway(s) linking land to stream 
e. Erosion potential 
 
2. Land Management Controls: 
a. Land use 
b. Timing, form (organic/inorganic) and method of fertilizer application 
c. Presence or absence of grazing animals 
 
Climate: 
 Climate influences both the regional amounts of precipitation as well as the overall annual 
precipitation amounts, and temperature variations can restrict or allow the growth of crops and 
determine crop yields.  The seasonal variations in temperature, radiation and precipitation can have an 
impact on the amount of P losses in a particular region, as they influence the amount of 
evapotranspiration and regional variations in runoff amounts (Rekolainen, et al, 1997 p. 78).  
Large rainfall events occur roughly 5 times per year in Denmark. These rainfall events are 
defined as an event of a magnitude greater than the MAP (Mean Annual Precipitation) in mm. The 2000 
MAP for Denmark was reported as 750 mm by DMI’s (Danish Meteorological Institute) 08-03 technical 
report written by John Cappelen (See Appendix C).  Figure 1 on the next page, represents two GLS 
models of the MAP in Denmark (10 minute and 24 hour intensities, respectively), as compiled in 2002 
(Madsen, et al. 2002, p.21-8). 
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Figure 1: Danish MAP (in mm), 95% CI 
 
(Source: Madsen, et al. 2002 21-8) 
The first figure represents the amount of 10-minute duration rainfall events with regards to the 
MAP (in mm), and the second represents 24 hour duration rainfall events (in mm).  These figures have 
been compiled from 41 sampling stations around Denmark with historical data from at least the past 10 
years. From these figures, it is clear that the majority of rain events in Denmark (whether short or long 
term) fall below the reported MAP, yet the larger events have been considered to be the primary source 
of soil loss and subsequent phosphorous transport to the aquatic environment (Morgan et. al 1986 p. 
539, Edwards and Owens, 1991 pp 75-78).  
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It has been noted that the bulk of soil loss during these heavy precipitation events tends to occur 
during the initial phase of storm activity, as over time the intensity of the storm even wanes, as seen in 
Figure 2, below.  
Figure 2: IDF Curve (68% CI) of a Copenhagen Area Rain Station 
 
(Source: Madsen, et al. 2002 21-11) 
This IDF (Intensity-Duration-Frequency) curve shows the relationship between the storm 
intensity (given in µm/s) and duration (in minutes) of a given rainfall event within the return period of T 
in years as monitored from a Copenhagen area rain station. IDF curves are used to predict the peak 
amount of runoff possible from a given catchment for a given storm intensity/duration, based on the soil, 
ground cover and other topographical factors (such as slope). By utilizing IDF curves, it is possible to 
estimate the amount of runoff for a given area and a given duration/storm intensity, which when coupled 
with an erositivity factor (the likelihood that an area is susceptible to erosion) can be used to help 
determine the risk of erosion and possible subsequent nutrient transport. 
Further studies have indicated that the low to average intensity rainfall activities (which occur 
more frequently than large scale events) could be responsible for a larger amount of annual phosphorus 
loss over time than previously thought (Quinton, et. al 2001 p. 539). These low intensity rainfall 
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(defined as intensity between 550-650 mm) simulation studies performed in Denmark (Shiøtz et al, 2006 
p 57-59) indicated that soil loss (rainstorm erositivity) is a function of total runoff, and that there is a 
relationship between total phosphorous, soil loss and total runoff.   
Since there has been an observed increase in total annual precipitation events in Denmark over 
the last century by researchers Mikkelsen, (1990) and Olesen, (1991) as well as a predicted seasonal 
increase of precipitation in the autumn and winter months (Christensen and Christensen, 2001 pp 151-
166) (Sibbesen, et al, 1994 pp 245-250), it is logical to assume there will be a greater risk for 
phosphorus loss to occur via soil loss as these precipitation amounts increase. This increased seasonal 
rainfall activity, coupled with the high percentage of cultivated land in Denmark (more than 60% of the 
land area is cultivated) is used to estimate an agricultural contribution to the total P load in Denmark of 
39% (Rekolainen, et. al. 1997 pp. 78-80), meaning that 39% of the P load delivered from the soil to the 
waterways comes directly from agricultural sources. Since it has been determined that both high and low 
intensity rainfall activity each actively transports a significant amount of P, P management and control 
practices must be able to adequately assess the overall risk of P loss for a given area.  The first step for 
assessing this risk of P loss is to examine the soil type and drainage characteristics. 
Soil type and Drainage Characteristics: 
The type(s) of soil present in the catchment area is of primary significance when examining 
potential P (or N) transport and/or loss, as all soils contain a composite (or fraction) of four main 
ingredients: silt, sand, and clay  as seen in Figure 2a, on the next page.  
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Figure 2a: USDA Soil Texture Diagram 
 
Source: http://www.jsu.edu/depart/geography/mhill/phylabtwo/lab12/soiltextdiag.html 
Each of these soil fractions has a distinct affinity for nutrient compounds, as well as an ability to 
fixate nutrients based upon the presence of Al, Ca or Fe compounds present in the soil profile and the 
soil pH. (Hens & Schoumans, 2002 p 7-12) Particle size is a key element in the ability to fixate nutrients 
in the soil.  Each soil fraction is classified by size, as seen in Chart 1, below:  
Chart 1: USDA Soil Fraction Subdivisions 
Particle Size Class 
Particle Diameter  
in mm 
Approximate 
Surface Area m2g-1 
Coarse Sand 0.2-2.0 0.21 
Fine Sand 0.2-0.05 2.1 
Silt 0.05-0.002 21.0 
Clay 0.000-0.002 230.0 
 
Source: Adapted from P. Lavelle, 2001, pg 36. 
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Particle size and surface area control the ability to bind nutrients to the soil, as the finer soil 
fractions (clay and silt) have a greater surface area per particle and thus are able to bind greater amounts 
of nutrients, yet are more susceptible to erosion events due to their smaller size/weight. Therefore the 
concentrations of nutrients (and their fractions) are 2-3 times higher in the clay portion of the soil 
compared to the silt portion, and higher in the silt than in the sand portion. Due to the higher surface area 
for nutrient bonding, organic P can represent anywhere between 2 to 73% in the finer fractions of the 
soil, while smaller amounts are normally associated with the sand portion of the soil (Barberis and 
Withers, 2002, pg 53).   
Soil structure, moisture and depth are all related to the texture of the soil, with structure and 
texture affecting the pore space of soil, which is chemically important for the movement of air, water 
and nutrients through the soil, and the depth of which they move.  Generally speaking, clayey soils 
control the two most important aspects of soils; their water holding capacity as well as the exchange of 
ions between the soil particles and the dissolved chemical elements in the soil water, known as the soil 
solution (Smith & Smith 2006 pp 92-96).   The soil solution is responsible for plant nutrition (the flow 
of water and nutrients from the soil to the plant roots), as well as the movement of nutrients, sediments 
and gases within the soil profile itself (vertically and horizontally) as well as through the landscape 
(Lavelle, 2001 p 30). 
The presence of tile drains significantly alters the natural flow of nutrients through the soil 
profile, as they are designed to move water quickly from the soil subsurface to recipient streams, and 
often they bypass any buffer zones which would otherwise prevent a portion of nutrient loss to the 
waterway (Dils and Heathwaite, 1999 pp 55-61). Research performed by Gentry, et al (2007 pp 408-
415) in Illinois linked tile drainage and soil erosion with an increased volume of both dissolved reactive 
phosphorus (DRP) and particulate phosphorus (PP) entering local waterways.  The amount of P released 
by drains and soil is a reflection of the soil P content, fertilized or not. 
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Soil P Content: 
Phosphorus is naturally available in the ecosystem due to weathering of parent material and 
deposition in the soil by plants and animals.  When the soil is used for agriculture, the cycle of 
phosphorus is broken – there is no natural replacement of phosphorus to the soil profile, which is why 
crop fertility declines with each subsequent planting year if phosphorus containing fertilizer is not added 
to the soil. Soils can naturally contain between 100 to 3000 mg of P (kg l-1) in the form of 
orthophosphate (PO4) (Frossard, et al, 1995, p 107) When P is added to the soil, it is not always readily 
available for uptake by crops or plants, which rely upon obtaining their nutrients from the soil solution 
(such as N).   
Figure 3, below shows the availability, distribution and the transformations which occur to 
phosphorus in a simple soil-plant dynamic system. This process is controlled by biological, chemical 
and physical processes which occur in the soil and are regulated by the rates of conversion of inorganic 
P to organic P and the mineralization of P from organic P sources in the soil (Condron and Tiessen, 
2004). 
Figure 3: Availability, Distribution and Transformation of P in a Simplified System 
 
Soil Solution 
Inorganic P Soil Inorganic P 
Fertilizer P Plant P 
Residue  
P 
Microbial 
Biomass 
P 
Soil 
Organic  
P 
Condron and Tiessen, 2004 p. 296 
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As fertilizer is applied and adsorbed into the soil profile, it can be utilized in three basic ways: 
bound to the soil as inorganic P, dissolved in the soil solution as inorganic P, or utilized by the microbial 
biomass, which can mineralize the inorganic P to organic P in the soil.  Plants can take up P from the 
soil solution for use, and return it to the soil in the form of decaying organic matter (residue P) which is 
again utilized by the microbial biomass and becomes a portion of the organic P soil profile.  Organic P 
(P associated with carbon) can total anywhere between 30% and 65% of the total P, with organic esters 
(C-O-P bonds) representing the most common form (Condron and Tiessen, 2004 pp 296-297).  Plants 
can also utilize orthophosphates (H2PO4- and HPO4-2) directly via their membrane transport system 
through the solid phase of the soil, but the diffusion of phosphate back to the soil surrounding the root 
system is slow, due to the equilibrium condition favouring phosphate binding to the exchangeable soil 
surface rather than solution phosphate. Plants also play a role in the solubilization of inorganic P by 
acidification, as they will excrete H+ from NH4 which will lower the soil pH and thereby dissolve some 
forms of inorganic P (such as calcium phosphate) into the soil solution (Frossard, et al 1995 pp 122-
125).   
This is a deceptively simple arrangement, because the amount of P supplied to the soil in the 
form of fertilizer often is in excess of what the crops can effectively use.  This excess P remains bound 
in the soil as inorganic P, and with each subsequent application of fertilizer the ‘pool’ of P grows larger, 
increasing the risk of transport to the local waterway via local pathways. 
Runoff Incidence and Hydrological Pathway(s): 
In general, there are three accepted pathways in which available (or extractable) phosphorous which has 
been applied as fertilizer can be lost from soil (Morgan, 1997 pp137-138) We will address the first two 
pathways:  
1. As water-soluble and/or particulate P in surface runoff (overland flow), referring to P picked 
up by rainwater which flows over land surfaces to streams or rivers 
2. As water-soluble and/or particulate P in subsurface runoff (leaching), referring to P picked 
up by water which enters the soil profile and moves through the soil to streams or rivers 
without ever reaching the main water table. 
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3. As water-soluble P and/or particulate P in flow to groundwater, referring to P picked up by 
water that passes to the water-table and which is subsequently discharged to streams, rivers 
or lakes as seepage.  
Figure 4, below, represents the basic pathways by which phosphorus is transported from 
deposition as fertilizer on cropland until it reaches the water supply and is subsequently transported 
downstream. 
Figure 4: Phosphorus Inputs and Hydrological Flow Pathways 
 
 
The inputs begin with the deposition of P to the soil, in the form of atmospheric deposition, 
fertilizer and manures. Atmospheric deposition is normally in the form of particulate matter (from 
airborne pollutants), while fertilizers are normally water soluble to speed up uptake by crops. Manures 
can vary; they can be solid or slurry and can contain different P totals according to manure type (pig, 
chicken or cow). At this point there is cycling between the soil particles, the minerals in the soil 
(calcium, iron and aluminum) and the organic matter present.  
Next, available P is taken up by plants for use, and precipitation (or irrigation) will move P 
through the soil profile via leaching, eluviation and/or percolation (to the groundwater). Phosphorus will 
also move down slope via overland flow of particulate matter (manure or soil particles, depending on 
flow rate). Throughflow occurs through the soil pores, with the preferential transport of clays and silts 
downslope, and the presence of field drains will rapidly transport both soluble P and P bound to the fine 
soil fractions to the water supply.  Phosphorus is then cycled through the riparian zone, where it is 
Johnes, P.J and R.A Hodgkinson, 1998 
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available for retention and cycling in the soil by trees and/or bushes, or finally exported to the water 
supply for downstream transport.    
Figure 5, below represents the different pathways of phosphorus transport, as well as how 
different types of phosphorus (organic/inorganic, solute/particulate – also known as fractional 
phosphorus) are cycled through the soil. 
Figure 5: Movement of P fractions along hydrological pathways 
 
 
 
 
 
 
 
The 
deposition of P in the soil is represented here by PIP, MRP, DOP and POP.  PIP (particulate inorganic P) 
includes orthophosphates which are adsorbed to different compounds in the soil minerals. These are 
normally classified into two groups, calcium phosphates and iron/aluminum phosphates as listed below 
(Morgan, 1997 p. 138): 
• FePO4 • 2H2O (strengite)    
• AlPO4 • 2H2O (variscite) 
• Ca10F2(PO4)6 (fluorapatite) 
Johnes, P.J and R.A Hodgkinson, 1998 
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• Ca10(OH)2(PO4)6 (hydroxyapatite) 
• Ca10O(PO4)6 (oxyapatite) 
• Ca1-CO3(PO4)6 (carbonate apatite) 
 
There are also fertilizers which are based upon ammonium, such as monammonium phosphate 
(NH4H2PO4) and diammonium phosphate ((NH4)2HPO4), as well as 30 other P containing compounds 
from soil reactions which are all water soluble and will form solutions which contain a high 
concentration of dissolved P. These solutions have the potential to move rapidly through the soil profile 
to the water supply.  PIP can enter the soil profile, where it can leach through the profile or downslope 
(or be carried by drainage) to the water supply.  It is not readily available for cycling by the harvest crop 
or the plants in the riparian zone; however it can be converted into other forms of P in the soil profile 
which are more readily usable by plants. 
MRP (molybdate reactive P), is a dissolved form of P which is most readily available for use for 
aquatic plant life. It is subject to leaching/percolation through the soil profile and drainage as well as 
downslope movement through the soil solution.  It is available for uptake in the riparian zone before 
entering the water body. 
DOP (dissolved organic P) is found adsorbed throughout the soil profile; it is available for 
cycling through the agricultural crop  as well as the riparian zone, it can be leached, percolated and 
carried through drainage systems to the water body, as well as carried downslope via overland flow. 
POP (particulate organic P) is P bound to organic matter in the soil.  It is released to the soil 
solution by decomposition of the organic matter by soil biological processes (fungi and bacteria). It is 
readily cycled by the agricultural crop and the riparian zone and can be carried downslope via overland 
flow, eventually entering the water body. 
MUP (molybdate unreactive P) is a form of dissolved P which is found in the leachate of the soil 
profile.  The unreactive forms of P (dissolved or particulate) have been found to total between 77 to 91% 
of total P found in the soil profile, as they are apparently less strongly sorbed and are more apt to move 
through the soil profile to the water body (Toor, et al 2004 pp 1433). 
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Erosion potential: 
Calculating the erosion potential for a given area requires gathering historical data concerning 
temperature, precipitation as well as the current plant cover of the area of study (Leek and Olsen, 2000, 
p. 61).  Figure 6, below is the computed average climatic erosivity for Denmark (excluding Bornholm) 
between the years 1954-1996 (100ft tons acre-1 inch-1 hour-1) with our study site indicated by the arrow.  
Figure 6: EI for Denmark 1954-1996 
 
Source: Leek & Olsen, 2000 p. 62 
For these data series, the triangles represent data series of 29-16 years, the circles data series 
between 43 and 30 years, and the squares data series between 15-10 years. Our study site of Haraldsted 
corresponds to an average climatic EI of 14.5, or an average loss of 1450 ft tons acre-1 inch-1 hour-1 per 
year of soil.  Studies performed by (Kronvang, et al 2004 p 110) have reported that within a 6 years 
study period of some 189 fields, there was erosion found at 33% of all fields, and those fields which had 
Haraldsted Study 
Site 
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signs of erosion had lost on average between 0.5 m3 ha-1 and 3.5 m3 ha-1 of soil. Table 1, below is an 
overview of the soil loss via rill erosion from those 189 fields studied. The measurements were taken in 
spring and represent the last tillage period up to one year prior. 
Table 1: Overview of Erosion Losses from Select Danish Farms 
 Agricultural Sites Sites with Rill Erosion 
 Average Total  Farms 
Total  
with 
Erosion 
Percentage 
with 
Erosion 
Average Median Min Max 
 M3/ha    M3/ha 
1994 1.65 67 32 48 3.46 1.90 0.02 14.82 
1995 0.42 61 16 26 1.58 0.93 0.20 4.02 
1996 0.15 70 20 29 0.54 0.21 0.03 3.25 
1997 0.76 72 35 49 1.56 0.55 0.01 28.35 
1998 0.13 131 26 20 0.65 0.44 0.08 1.83 
1999 0.19 123 32 26 0.73 0.26 0.02 5.39 
Avg 
over 
year 
- - - 33 1.42 0.72 - - 
Source: Kronvang, et al. 2004, p 111 
The fact that one third of all farms studied showed signs of erosion is significant when 
considering the consequences of excess P being transported to the water body.  It has been estimated that 
the total yearly P loss is roughly 700-1050 tons for Denmark, with the losses from overland flow and rill 
erosion totaling between 7-35 tons per year (Kronvang, et al 2004, p 111).   
Since we know that climate activity and ground cover also play an important role for erosion, we 
should examine the erosivity values for the entire year.  Figure 7, on the next page is the monthly 
computed climatic erosivity values (adjusted for bare soil area) for the total agricultural area of Denmark 
in the year 1996.  The values are in 100 ft tons acre-1 inch-1 hour-1.  
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Figure 7: Monthly Computed Climatic Erosivity Values for Denmark in 1996 
 
Source: Leek and Olsen, 2000 p 64. 
 As it has been determined that there is an increasing amount of precipitation between August – 
October, we would expect to see a larger amount of erosion present.  The increase in precipitation, 
coupled with the prevalence of sowing a winter crop which is normally planted between the months of 
Aug-Oct due to the requirements of the Danish Action Plan for the Aquatic Environment, leaves the 
percentage of crop cover extremely low during those months – bare soil in August, and 5% in Sept and 
<30% in October. This has enormous implications for both erosion and P loss, as nearly 30% of the 
annual erosion occurs in September (Leek and Olsen 2000 p 65.) Since regional averages will fluctuate 
yearly (precipitation, land cover & use, erosion factors), any measures aimed at controlling P loss from 
agricultural sites must be considered at a local scale based on local land use.  
 It is possible to calculate the amount of soil lost via erosion, by utilizing the Universal 
Soil Loss Equation (USLE).  It is an empirical model based off of known conditions that are associated 
with soil erosion.  The equation is defined as follows (Brady & Weil, 1999 p. 682): 
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A = RKLSCP 
Where A, The predicted soil loss is the product of: 
R = Rainfall Erosivity Rain related factor 
K = Soil Erodibility Soil related factor 
L = Slope Length Soil related factor 
S = Slope Gradient or Steepness Soil related factor 
C = Cover and Management Land management factor 
P = Erosion Control practices Land management factor 
 
The rainfall erosivity factor R relates to the force behind sheet and rill erosion, involving total 
rainfall as well as its seasonal variation and intensity.  The intensity of each drop (a large drop size, for 
example) will transfer kinetic energy allowing for the detachment of soil particles from the soil surface, 
and the higher the rate of rainfall will result in a greater amount of runoff available to transfer soil and P 
to the water body. The kinetic energy from a given storm is compiled into an index, along with all 
storms occurring during the course of the year, and those indices are added to create an annual index.  
The annual indexes over a period of years are what are used to provide the R value for the USLE (Brady 
& Weil, 1999 p. 682). 
 The soil erodibility factor K represents how likely the soil is to erode based upon the soil type.  It 
is a value of soil lost per unit of erosive energy in the rainfall, using a standard research plot (22 m in 
length, 9% slope), with the soil kept bare by tillage. There are two important soil characteristics which 
can influence the erodibility; infiltration capacity and structural stability. The infiltration capacity refers 
to the amount of water able to enter the soil profile.  A high infiltration capacity means there will be less 
water available for runoff or ponding on the surface of the soil.  The structural stability of the soil refers 
to the particulate fraction of the soil; whether the soil is predominantly clay, sand or silt Brady & Weil, 
1999 p. 683-684). 
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The L and S values (also known collectively as topographical factors) relate to the length and 
pitch of the slope.  In general, a longer slope will result in a greater risk of overland flow. The pitch of 
the slope will influence the severity of rill erosion (low, moderate and high) (Brady & Weil, 1999 p. 
685). 
 The C factor is a measure of the amount and type of ground cover/vegetation present.  The 
presence (or absence) of plant material will affect the velocity of rain impacting the soil, thereby 
protecting it from the erosive effects of precipitation.  The value used in the USLE equation assumes the 
ratio of soil loss if the soil was left continuously bare.  In general, the C values are specific to the site 
being studied, due to the differences in soil types and vegetation cover (Brady & Weil, 1999 p. 686.) 
 The P factor is the type and amount of erosion control practices in place for a given area. It is 
“the ratio of soil loss with a given support practice to the corresponding loss if row crops were planted 
up and down the slope” (Brady & Weil, 1999 p. 688). Land use is one of the broadest categories used 
for the USLE, and is most influenced by agricultural practices.   
 
Land Use: 
The amount of arable land present is considered a significant contributor to TP export values, 
with catchments containing over 40% arable land encountering the highest proportion of P loss, up to 1 
kg P ha-1 per 100mm (Flynn, et al, 2002 pp 7-15).  Conventional tillage of agricultural land can result in 
heavy erosion of soil and subsequent transport of particulate and soluble P to the water body.  Figure 8, 
next page is a logarithmic graph which shows the slope relationship between the soil test P and 
dissolved P in overland flow (listed as the extraction coefficient) as a function of erosion and a 
decreasing soil cover for test sites in the United States. 
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Figure 8: Extraction Coefficient vs Erosion  
 
Source: R.W. McDowell, et al, 2003, pg 8 
There is a small amount of erosion present with native grass/pasture areas, as well as no till areas.  As 
the tillage increases, the erosion increases exponentially with the decrease in soil cover.   
 The presence of tile drains is also an important factor in the transport and loss of P to the water 
body.  There are various layouts of drainage systems available, as shown in Figure 9, next page: 
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Figure 9: Common Agricultural Drainage Systems 
 
Source: http://www.extension.umn.edu/distribution/cropsystems/DC7685.html 
Last Accessed 25/05/2008 
The drains are designed to run with the contour of the agricultural site, to better receive and transport 
water. They are designed to move excess water away from the soil profile to the water body to prevent 
waterlogging, as seen in Figure 10, below:  
Figure 10: Tile Drain and P Transport/Loss 
 
Source: Kronvang, et al, 2005, p 2130 
By cutting the tile drain (as shown in the above figure); it is possible to lessen the overall impact the 
drain has on the preferential flow of soil particles and soluble P (and thus P loss) from the agricultural 
field to the water body. By retaining some overland flow and use of a riparian zone, there is a chance for 
P to be retained in the soil profile and not lost to the water body. Originally, the drain ran from under the 
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field all the way downslope to the water body (as shown by the dotted lines, marked with X’s.)  If the 
drains were retained in their original form, there would be little chance for any sedimentation, sorption 
or desorption of P to occur before the sediment and adsorbed P entered the water body.  
 When precipitation occurs in an area which has drainage, the fine loose particles are the first to 
be flushed from the site during the initial rainfall activity.  This will lead to a decrease in the availability 
of fine particulates in both the soil macro pores and possibly in the drains themselves during a 
precipitation event.  Laubel, et al (1999 p. 581) found that the level of both P and the organic particular 
matter in the water flushed by the tile drains remained constant during both natural storm events as well 
as during rainfall simulations.  The average P content of the particulate matter (PM) was 0.48% and the 
organic matter content was reported as 33%.  They also concluded that storm flow events were an 
important factor of annual PM and PP losses from tile-drained catchments.  For their nine sampled storm 
events, they calculated that nearly one third of the annual PM and PP loss occurred (30% and 26%, 
respectively) at the time of rapid drainage flow, and that had they sampled all the storm events for that 
winter season (18 events occurred, 9 were sampled), the PM and PP contribution could have been more 
than 50%. They performed dye tests to determine the preferential flow of water through their test plots, 
and discovered that holes made by worms are the main pathway for particulate matter being transported 
to subsurface drainage and that both the PM and PP were mainly transported during the initial period of 
storm activity.  
 One method of retaining sediment which has been implemented in Denmark is the creation of 
riparian or buffer zones.  A buffer zone is a strip of uncultivated land of varying widths which runs 
alongside the water body. Its purpose is to act as a ‘trap’ for sediments being transported downslope 
towards the water body, as well as utilizing an area where soluble P can be adsorbed and/or utilized by 
the plant cover before it is lost to the stream. A three year study performed by Kronvang, et al (2005) on 
roughly 140 arable field slopes in Denmark found deposition of sediment in the buffer zone (median 
width of 8.3m, with a range of 0.6-125m) was 31% in 1997/1998, 31% in 1998/1999 and 29% in 
1999/2000, while the median dissolved P concentration in the surface runoff measured 0.18 mg P l-1 
(range: 0.029-16.294 mg P l-1).   
 
Larsen & Tock                                                                            4 June 2008 
 
 
Page 27 of 97 
Timing & Method of Fertilizer Application:  
The use of phosphate based fertilizers has increased from 873 million tonnes in 1913 to 16 591 
tonnes in the late 1980’s (Hart, et al 2004, p. 1954). It became standard procedure to apply more 
phosphorus than was usable, since most of the soils were P deficient (Steén, 1997 p. 311), and many 
soils are relatively low in available P, thus limiting the possible crop yields. Researchers Hart, et al 
(2004) examined numerous published studies concerning fertilizer and P loss (See Appendix D, p 84), 
and noted that every study followed a pattern of a rapid increase in P losses after an application of 
soluble fertilizer, as well as a slow decline in P losses over the subsequent months of the study period. It 
is interesting to note that P found in most manures and slurries is a solid-phase inorganic form of P, 
which will vary according to whether or not the contributing livestock feed contained P supplements 
(Smith, et. al 1998, p 155). As an example, Smith (1998, p. 155) lists the total P content of pig-slurry as 
containing 90% solid fraction P. Further research by van Riemsdijk, et al (1987) concluded that after 
fertilization with pig-slurry the P concentration in the soil solution (of the topsoil) can reach levels as 
high as 3 mm L-1, due to chemical buffering of the soluble precipitates in the slurry. The timing of these 
fertilizer applications can be vital to preventing excess P loss to the water body, since we have 
established a link between increased precipitation in the autumn months and an increase in P loss via 
overland flow.  Hart, et al (2004, p 1959) found the following relationships between fertilizer use and P 
loss: 
• In New Zealand, overall losses of molybdate reactive P from fertilized plots (treated with 
soluble fertilizer) was 4-5 times greater than from the control (unfertilized) plots. The 
amount of fertilizer lost to surface runoff (undrained plots, ungrazed pasture) was roughly 
5.6-6.7%, of which between 48-52% was lost as TDP.  The two plots which were drained 
lost 1.0% of fertilizer P as surface runoff, of which 70% was TDP and it was determined 
that the addition of fertilizer to the plots lead to an increase in dissolved inorganic P 
(DIP) and particulate P concentration in the first week following the fertilizer application 
o The DIP concentration peaked at 3.3 mg L-1 after 3 days, then declined over the 
next 6 weeks and reported higher values than the mean DIP concentration over 
the study period. 
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o The mean PP concentration peaked at 2.8 mg L -1 within the first week, and then 
declined over the next 12 weeks after fertilizer application.  The values of PP 
were reported as significantly higher than the background PP concentration during 
the same 12 week period. 
Further studies at this site reported P runoff losses at 50 kg P ha-1 (for both solid and dissolved single 
superphosphate [SSP]), with the amount of total P lost from fertilizer applications ranging between 3.8 
and 11.5%, which calculates to a yearly P loss of between 3.25 to 7.1 kg P ha-1 yr-1. They estimated that 
a timeframe of 30-50 days after fertilizer application is the most likely period where the significant 
proportion of P losses will occur 
Presence or absence of Grazing Animals: 
 The pasturing of animals for feed is a common practice.  In some areas (such as New Zealand), it 
is common to graze livestock on crop paddocks (feed crops) in the summer months, in order to protect 
other pastures from overgrazing and to compensate for a poor pasture growth during winter.  It has been 
reported by McDowell (2006, p 575.) that P losses from grazed croplands were on average four times 
greater than that from ungrazed pasture, and two times greater than that from ungrazed cropland. Slope 
was also a factor researched, as the steeper sloped cropland (~20% slope) lost roughly twice as much P 
when compared to slopes of <5%. The movement of cattle during grazing also affected P transport, with 
the lighter manure particles causing a minimal sediment P loss being reported due to heavier sediment 
particles retained in hoof prints (up to 20 cm deep).  Mc Dowell (2006 p. 583) concluded that P transport 
from grazing paddocks is a function of rainfall intensity, slope, number of animals and type grazing and 
distance from the water body, yet overall the impact of grazing on winter cropland had a minimal effect 
on overall P losses (< 0.1 kg P ha-1, corresponding to 0.5 kg P lost in 2002 and 1.0 kg P lost in 2003). 
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P-Index Theory 
Introduction to the Section: 
This sections main purpose is to explain to the reader the Phosphorus Index (P-Index) model and 
the general theory used for its development.  We will also be describing why we have chosen this model 
to work with; its history and how it has been adapted in both the United States and the EU; a description 
of the P-Index worksheets; and its comparison and contrast between the Sharpley et al. Pennsylvania P-
Index of 2003 and the modified P-Index model developed for Denmark by Andersen and Kronvang 
(2006).  The use of the Pennsylvania P-Index of 2003 and not more current versions, is based on that the 
authors of the P-Index for Denmark used this version as their starting point for their modifications. 
What is a P Index: 
The Phosphorus Index basic premise is to give a simple method for water research managers, 
catchment (watershed) managers, scientists and those working with the agricultural industry (farmers, 
fertilizer producers, farming corporations, etc) to qualify P losses from agricultural fields.  The model 
was developed in the United States by the United States Environmental Protection Agency (US-EPA) 
and the United States Department of Agriculture (USDA) in the early 1990s. (Coale, Sims, and Leytem 
2002; Andersen and Kronvang 2006) 
The need for the P-Index is manifold, but the basic premise is that phosphorus loss to the water 
source from land adjacent to the water is one of the many variables that lead to eutrophication 
(Lemunyon and Gilbert, 1993; Coal, Sims, and Leytem 2002; Andersen and Kronvang 2006).  However, 
many early studies showed that additional phosphorus had no affect on phytoplankton growth in 
polluted estuaries and bays, and it was assumed that only Nitrogen (N) to be the main limiting nutrient.  
However, later studies showed that when phosphorus was added to more pristine marine environments, 
there was a positive response (Smith and Smith 2006) 
The underlying principle behind the P-Index is to give professionals a way to easily monitor 
expected phosphorus loss on the field/catchment level.  The way it accomplishes this task is to assign 
certain P-Risk factors to various variables that affect P-Loss.  These variables include but not limited to: 
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• Soil P Transport, 
• Soil type, 
• Slope, 
• Distance from water source, 
• Type of fertilizer used and when the fertilizer is applied, 
• Fertilizer application method 
It assigns a risk value on each of these transports ranging from 0 to 1, and these numbers are 
based on the degree of changeability for each of the variables listed above, from very low to very high.  
(See Subsection on “Description of the Different parts of the P Index Worksheet” in this Section for 
more information). (Lemunyon and Gilbert 1993; Coale, Sims, and Leytem 2002). 
The Original P-Index: 
The original P-Index model was published by Lemunyon and Gilbert, in 1992, in a paper entitled 
“The Concept and Need for a Phosphorus Assessment Tool”.  They argued that Phosphorus Index was 
needed in order to control phosphorus losses from agricultural fields, based on phosphorus being a 
contributing factor to eutrophication.  The P Index they outlined also was not specific to any area in the 
United States, and was an idea on how to start developing a P-Index.  They stated that the P Index was 
needed for different types of land in the catchment, since the type of P loss varies given the different 
types land cover in a catchment, i.e. particulate or soluble forms.  
They envisioned their P-loss model as an 8 by 5 matrix, which means a matrix with 8 rows and 5 
columns (see Equation 1, next page) Lemunyon and Gilbert, (1992).  A matrix is a mathematical tool 
that is used in solving linear systems of equations (Johnson et al., 2002, p.6).  The eight rows were the 
following factors:  
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• Soil erosion;  
• Irrigation erosion,  
• Runoff class,  
• Soil P test,  
• P fertilizer application rate,  
• P fertilizer application method,  
• Organic P source application,  
• Organic P source application method. 
Whereas the 5 columns was a “rating system” of: none, low, medium, high, and very high (Lemunyon 
and Gilbert, 1992, p.485).   
A =     (Eq. 1) 
Equation 1: An equation to show the reader a basic matrix, with m rows and n columns, usually referred to as an m x n 
matrix. (Source: Johnson et al., 2002, p.6) 
The basic premise was that the person doing the P Loss validation could enter the data. in each of 
the slots in the matrix, depending on their determination at the field level for that rows specific factor.  
This data, they stated would come from already existing data from the management plans that the farms 
were following for N management.  However, not much information is given in the report by Lemunyon 
and Gilbert on how their matrix works. However, it was developed as a starting point for other scientists, 
and they stated that a computer model would be developed later. However the authors caution the reader 
that the values they used as factors for each of the rows were their ‘professional judgment’ based on an 
underlying scientific theory, and do not go into detail as to how these numbers were chosen. Their 
chosen factors are shown in Table 2, next page. 
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Table 2: Site characteristics and their weighting factors. 
Site Characteristic Weighting Factor 
Soil erosion;  1.5 
Irrigation erosion 1.5 
Runoff class 0.5 
Soil P test 1.0 
P fertilizer application rate 0.75 
P fertizler application method 0.5 
Organic P source application 1.0 
Organic P source application method 1.0 
 (Source, Lemunyon and Gilbert, 1992, 485). 
Modifications to the P-Index: 
Currently the P-Index is used widely in the US, with each state making its own modifications to 
the P-Index to meet the needs of the characteristics of the catchments in their area.  This is important 
modification, because P-Transport will behave differently depending on the soil type in the area, slope, 
and other transport mechanisms (Coale, Sims, and Leytem, 2002).  The P-Index since 2000 has been 
also used in various EU Lands, since the EU-EPA has issued a directive in 2000 for EU countries to 
monitor P-Loss from agricultural sources (Andersen and Kronvang, 2006). 
There are also a various studies that have taken place, that attempt to modify the P-Index for 
larger scale regions or watersheds in the United States and Canada (Birr and Mulla, 2001, Gburek et al. 
2000, p.130).  Other countries such as Norway, had to modify their P-Index to include cold climate and 
snow melt, and how that affects their potential P Loss (Bechmann et al., 2003, p.3-163).  These changes 
were made according to the authors of their reports, because P loss from other types of land coverage in 
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the watershed or climates, can also affect the amount of P that is reaching the water source, and thus 
contributing to the problem of eutrophication. 
One of the main departures from the original P Index was to use a table (excel spreadsheets) 
instead of a matrix (see Equation 1).  This table was developed by the Pennsylvania P Index (Sharpley 
et.al. 2003).  We believe that this change was made to make the P-Index more user friendly and more 
readily adoptable by State and local authorities looking for a way to measure their P Loss, in order to 
come in compliance with EPA-USDA directives. 
The next two sections describe in more detail how the original version of the P-Index has been 
modified by Sharpley et al. (2003), and Andersen and Kronvang (2006) to fit the characteristics of their 
specific sites. 
Main table of the PA – P-Index: 
The complete Pennsylvania P-Index Table was introduced by Sharpley, et.al in 2003 (Andersen 
and Kronvang 2006, p.343) (See Table 3, next page). 
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Table 3: the Pennsylvania Phosphorus Index Table, developed by Sharpley et al. in 2003 
Part A - Screening tool
Soil Test P >200 mg P kg-1
Contributing Distance < 45m
Part B - Source factors
Soil test
Fertilizer P rate
Manure P rate
P source
 application method
0.2 
Placed or injected 5cm 
or more deep
0.4
Incorporated <1
week
0.6
Incorporated >1 week or
not incorporated April - 
October
0.8 
Incorporated >1 week
or not incorporated
Nov. - March
1.0 
Surface applied to
 frozen or snow
 covered soil
Manure P 
availability
1.0
Poultry/Pigs
Part C - Transport factors
Erosion
Runoff potential 0Very low
2
Low
4
Medium
6
High
8
Very high
Sub-surface drainage 0None
1
Some
2*
Patterned
Contributing
distance
0
> 150m
2
150 to 100m
4
100m to 75m
6
45 to 75m
8
< 45m
Modified
connectivity
1.1
Direct connection - applies to
distance > 45m
0.8
Dairy
If yes to either factor than 
proceed to Part B
0.7
Riparian buffer - applies to
distance < 45m
1.0
Grassed waterway or none
Transport Factor = Modified Connectivity x (Transport Sum / 22)
Phosphorus Index Value = 2 x Source Factor x Transport Factor
* Or rapid permeability soil near a stream
Source Factor = Soil Test P Rating + Fertilizer Rating + Manure Rating
Soil Loss (tonnes ha-1)
Transport Sum = Erosion + Runoff Potential + Subsurface Drainage + Contributing Distance
TABLE 1
The Pennsylvania P Index (see Sharpley et al ., 2003)
Evaluation Category
Soil Test P (mg P kg-1)
Soil Test P Rating = 0.20*Soil Test P (mg P kg-1)
Manure Rating = Rate x Method x Availability
Fertilizer P ( kg ha-1)
Manure P ( kg ha-1)
Fertilizer Rating = Rate x Method
0.5
Treated maure/Biosolids
 
(Reproduced for legibility from Kronvang and Andersen, 2006, p. 343) 
As can be seen from Table 3, that this table is divided into three main parts, Part A, B and C., This is 
been done in order to calculate the P-Index value for a field.  These parts are as follows, which will be 
explained in further detail below:  
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1. Part A – Screening tool (see Table 2); 
2. Part B- Source factors (See Table 3); 
3. Part C – Transport factors (See Table 4). 
Part A is the screening tool for the P-Index (see Figure 11, below) and it basically tells the water 
resource planner (or the one evaluating the field) whether or not the field is applicable to qualify its 
phosphorus loss by using -the P Index.  In order to use the P-Index the field must meet the two criteria 
that are outlined in this section of the table; i.e. be within 45m of the water source, and that the soil test 
P is greater than 200 mg P kg-1.  If the field does not meet either of these criteria, then the P-Index for 
Denmark cannot be used for that particular field (Andersen and Kronvang 2006). 
Figure 11: Part A of the P-Index Table for Pennsylvania 
Part A - Screening tool
Soil Test P >200 mg P kg-1
Contributing Distance < 45m
If yes to either factor than 
proceed to Part B
The Pennsylvania P Index (see Sharpley et al ., 2003)
Evaluation Category
(Reproduced for legibility from Andersen and Kronvang, 2006, p.343) 
If the site is applicable for use of the P-Index developed for Pennsylvania, than the evaluator is asked to 
fill in the information in Part B (See Figure 12, next page).  These are the source factors for P-Loss 
(Andersen and Kronvang 2006): 
• Soil test P in mg P kg-1 
• Fertilizer rate in kg ha-1 
• Manure rate in kg ha-1 
• Application method for P Source 
o Whether or not the fertilizer is injected into the soil and when it is applied to the 
soil. 
• Availability of the organic fertilizer 
o What type of organic fertilizer is used: 
o Treated manure or bio-solids 
o Dairy 
o Poultry or Pig slurry 
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Figure 12: Part B of the Pennsylvania Index - Source Factors 
Part B - Source factors
Soil test
Fertilizer P rate
Manure P rate
P source
 application method
0.2 
Placed or injected 5cm 
or more deep
0.4
Incorporated <1
week
0.6
Incorporated >1 week or
not incorporated April - 
October
0.8 
Incorporated >1 week
or not incorporated
Nov. - March
1.0 
Surface applied to
 frozen or snow
 covered soil
Manure P 
availability
1.0
Poultry/Pigs
Soil Test P (mg P kg-1)
Soil Test P Rating = 0.20*Soil Test P (mg P kg-1)
Manure Rating = Rate x Method x Availability
Fertilizer P ( kg ha-1)
Manure P ( kg ha-1)
Fertilizer Rating = Rate x Method
0.5
Treated maure/Biosolids
0.8
Dairy
Source Factor = Soil Test P Rating + Fertilizer Rating + Manure Rating
 
(Reproduced for legibility from Andersen and Kronvang, 2006, p.343) 
These transport factors are than used to compute the Source Factor number for the P-Index.  The 
Soil Test P number is multiplied by 0.20, this number was decided on by professionals in the field, and it 
is a weighted number, however one should note that they are not the same weighting factors which is a 
as the original authors of the P Index have determined to be a best guess (Lemunyon and Gilbert 1993).  
Again, like the original authors (Lemunyon and Gilbert) of the P-Index, Sharpley et al. do not explain in 
their report how these numbers are obtained. 
The next step of Part B is to calculate the Fertilizer Rating, which is the kg ha-1 multiplied by the 
weighting factor of the fertilizer application method (Andersen and Kronvang 2006).  The weighting 
factors in this P Index and is multiples of 0.2, whereas in the original P-Index they were base 2 factors 
(20, 21, 22, 23 and 0) (Lemunyon and Gilbert 1993).  Still, both cases consider (regardless as multiples of 
2 or base 2) the higher the factor and the more prone the source factor is to P Loss, the higher the value 
will be for the Fertilizer rating.  Thus, fertilizer that is injected 5 cm deep into the soil has a lower 
weight (0.2) than fertilizer placed on frozen or snow covered soil (1.0). 
The Manure Rating is calculated in much the same way as the Fertilizer Rating, yet it takes into 
account what type of organic fertilizer is used.  Treated manure is less available to P Loss than Pig 
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Slurry, thus has a lower rating (0.5) to pig slurry of 1.0.  Therefore the planner will take the kg ha-1 
multiplied by the weighting factor of the organic fertilizer used.  (Andersen and Kronvang 2006). 
Lastly the Source Factor is calculated by (Andersen and Kronvang 2006): 
 
Moving on to Part C, we begin the calculation of the Transport Factors, which can be seen in 
Figure 13, below.  These values are also better defined than what was in Lemunyon and Gilberts report, 
and one can see how far the P-Index has evolved since 1993.  There is also the addition of contributing 
distance, and modified connectivity being added as transport factors.   
Figure 13: Part C of the Pennsylvania P-Index, Transport Factors 
Part C - Transport factors
Erosion
Runoff potential 0Very low
2
Low
4
Medium
6
High
8
Very high
Sub-surface drainage 0None
1
Some
2*
Patterned
Contributing
distance
0
> 150m
2
150 to 100m
4
100m to 75m
6
45 to 75m
8
< 45m
Modified
connectivity
1.1
Direct connection - applies to
distance > 45m
0.7
Riparian buffer - applies to
distance < 45m
1.0
Grassed waterway or none
Transport Factor = Modified Connectivity x (Transport Sum / 22)
* Or rapid permeability soil near a stream
Soil Loss (tonnes ha-1)
Transport Sum = Erosion + Runoff Potential + Subsurface Drainage + Contributing Distance
 
(Reproduced for legibility purposes from Andersen and Kronvang, 2006, p.343) 
 
These weighting factors are used to calculate the transport sum with the following equation: 
 
(Eq. 3) 
This number is than multiplied by the Modified connectivity and divided by 22, with the following 
equation: 
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These values are than multiplied 2 and together to give the Phosphorus Index value as illustrated by the 
following equation: 
 (Eq. 5) 
(Andersen and Kronvang 2006) 
However these values do not really tell the reader anything without utilizing the following Table 3, 
below: 
Table 3: P-Index value Rating 
P Index Value Rating 
0 No Risk 
< 60 Low Risk 
60 – 80 Medium Risk 
80- 100 High Risk 
>100 Very High Risk 
 (Modified from Andersen and Kronvang (2006, p. 347). 
Table 3 shows P Index rating values for fields, based on the Phosphorus Index Value that was calculated 
from Figure 13.  The higher the Phosphorus Index Value is the more prone that field is to phosphorus 
loss, and measures should be taken to limit the amount of phosphorus is applied to the field in best 
management practices for that field (Kronvang and Andersen 2006, Lemunyon and Gilbert1993).  
The Modified Danish P-Index: 
As was detailed in the previous section, the Pennsylvania P-Index was already a departure from the 
Original P-Index, however, it should be noted that this section will concentrate more on how the Danish 
P-Index abides by or differs from the Pennsylvania P-Index and not the original.   
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The Danish P-Index (see Figure 14, next page) was developed by Andersen and Kronvang in 
2006, and whether or not Denmark could use the P-Index with modifications in order to adhere to the 
Water Framework Directive of the EU-EPA of 2000.  They chose the P-Index model over other models 
because it was simpler model, and they wanted to make a model that was easy to use.  They also chose 
to emulate the Penn P-Index model, because it has been used in another Scandinavian country and the 
fact that they considered it to be very well documented (Andersen and Kronvang, 2006, p.341-342, 
Bechmann et al., 2003). Their choice of study area was the Odense Fjord, a 1000 km2 catchment on the 
island of Fyn; they chose to break up this large catchment into twelve smaller sub-catchments.   
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Figure 14: the Complete Modified Danish P-Index.  
Part A - Screening tool
Soil Test P >200 mg P kg-1
Contributing Distance < 45m
Contributing Distance > 45m AND Field 
artificially
Part B - Source factors
Soil test P
Fertilizer P rate
Manure P rate
P source
 application method
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Part C - Transport factors
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0.8
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TABLE V
The modified Danish P Index
Evaluation Category
Soil Test P (mg P kg-1) (Olsen-P translated to Mehlich-III-P)
Soil Test P Rating = 0.20*Soil Test P (mg P kg-1)
Transport Factor = [(Erosion + Runnoff Potential + Contributing Distance) * Modified Connectivity + (Sub-Surface Drainage + Leaching Potential] / 22
Phosphorus Index Value = 2 x Source Factor x Transport Factor
* Or rapid permeability soil near a stream
If yes to either factor than 
proceed to Part B
Source Factor = Soil Test P Rating + Fertilizer Rating + Manure Rating
Soil Loss (tonnes ha-1)
Fertilizer P ( kg ha-1)
Manure P ( kg ha-1)
Fertilizer Rating = Rate x Method
0.5
Treated maure/Biosolids
 
(Reproduced for legibility from Andersen and Kronvang, 2006, p.347) 
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Part A has one major departure to the Penn P-Index, and that it includes fields that are greater than 45 
meters away from the water source (see Figure 15, below).  According to Andersen and Kronvang 
(2006, p. 347), a tile drainage system will be a contributing factor to P loss from fields.  
Figure 15: Part A of the Modified Danish P-Index, Screening tool. 
Part A - Screening tool
Soil Test P >200 mg P kg-1
Contributing Distance < 45m
Contributing Distance > 45m AND Field 
artificially
The modified Danish P Index
Evaluation Category
If yes to e ither factor than 
proceed to Part B
 
(Reproduced for legibility from Andersen and Kronvang, 2006, p. 347) 
 
 
Part B contained no significant changes to the Penn State model, according to the authors (Andersen and 
Kronvang, 2006, p. 348). 
 
Part C (Figure 16, next page) is the most changed part of the P-Index Table.  With the major addition of 
leaching potential, subsurface drainage, and the change to how the buffer zones affect the loss of P.  The 
first two changes were made to fit Danish conditions and soil types that are typically found on Fyn, and 
the use of tile drainage at the roots on agricultural fields in Denmark. (Andersen and Kronvang, 2006, 
p.347-349). 
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Figure 16: Transport Factors for the Danish P-Index 
Part C - Transport factors
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(Reproduced for legibility from Andersen and Kronvang, 2006, p.347) 
 
Study Area: Haraldsted Catchment 
The catchment we have chosen for our study is the Haraldsted catchment that is on the island in 
Zealand in Denmark.  We have chosen this study area, since it is an area that is used for previous 
studies, and there is data available for the area. 
The Haraldsted catchment area (see Figure 17, next page) has a soil profile that contains mostly 
till (98% loam), with Cambisols (70%) and Luvisols (20%) being the two dominant soil types in the area 
(Breuning-Madsen and Jensen, 1996). The topography is typical for Denmark, with hills and gentle 
slopes, with the highest point measuring 81 m. There is an extensive amount of agriculture present (78% 
cultivated and much of that covered by tile drainage), with the remaining area consisting of forested 
and/or developed areas.  The catchment is approximately 12.5 km2 and lies mostly between 20 to 40 
meters above sea level.  The area has a rolling landscape, with some areas that are mostly flat, while 
some farms have a steeper slope down to the stream. (Schiøtz et al. 2006) 
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Figure 17:  Haraldsted Catchment Area 
 
 (Source: Schiøtz et. al. 2006, p.58) 
 
From field observations there exist smaller streams that contribute to the main stream that we are 
studying, Haraldsted Stream (Haraldsted Å).  Some of the origins of these streams are unclear, since 
they appear to be straightened and piped underground for significant distances.  Bordering these streams 
is also forested, pastoral and agricultural lands.  There are several different types of crops that are 
planted on the agricultural fields, mostly crops for rye bread (dark bread), or rapeseed for pig feed.  The 
rapeseed farm appears to use pig slurry as their source of organic fertilizer with the pig slurry held in a 
concrete container within 15m of the stream, to be used on site. The owner of one farm was also 
observed using artificial drainage in areas that flood when there are high amounts of precipitation.  
Larsen & Tock                                                                            4 June 2008 
 
 
Page 44 of 97 
Experimental Methodology 
In this section is a description of our experiment methodology. We will explain the processes of 
gathering our soil samples out in the field and processing these same samples back in the Geography lab 
at Roskilde University.  Pictures from the lab and field work will be available on CDROM. 
Field Work: 
In the field we gathered a total of 53 soil samples from a total of 32 different fields (see Table 4, below).  
Choice of field was limited to which fields we could gain access to, with permission granted from the 
farmer or the owner of the land. 
 
 
 
 
 
 
 
 
Table 4: Explanation of fields tested, with breakdown as to type of field and number. 
 
We sampled fields that bordered the portion Haraldsted Stream that we had permission to sample, within 
45 meters of the stream.  This was in accordance with Part A of the Modified P-Index for Denmark – 
Screening Tools as an evaluation category. Picture 1, on the next page is an overview of our sampling 
sites in the Haraldsted Catchment area, taken from Google Earth. 
                                                 
1
 Bare includes: tilled land; or cultivated land which has not been tilled or seeded for this season’s crop. 
Type of Field: Number of 
Plots 
Agricultural Fields 
(Total of 6 crops below) 42 
Wheat 20 
Barley 5 
Rapeseed 3 
Tritikale 1 
Bare (no crop)1 12 
Christmas Trees 1 
Forested Land 5 
Pasture Land (Horses) 2 
Fallow Land 4 
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The method that we used to gather the soil was to estimate a square meter, dig and then and mix the top 
10 cm of soil well and take approximately 1 kg of soil (about 3 to 4 heaping trowel full of soil). 
However, it should be noted that at one of the pasture sites, the ground was too compacted for hand 
digging and we had to use a rotor to gather the soil sample.  We used the rotor 16 times randomly in the 
1 m2 area in order to gather enough of a sample and we then mixed the soil in the bag. 
We then placed each soil in a marked bag stating the site number it was taken from.  We 
photographed of the dig site, trying to keep the stream we were following as a reference point in the 
picture to ensure our 45 m distance was not exceeded and as a visual aid to judge slope and 
groundcover.  We also took a Global Positioning Satellite (GPS) Measurement with a Garmin xTreks 
GPS Device which has the capability to extrapolate the current position with 12 satellites, or accurate up 
to 3 to 5 meters with three satellites (Garmen xTreks Owners Guide, 2000).  Next we visually estimated 
the distance to the stream as well as the width and type buffer zone between the cultivated land and the 
stream.  Lastly, we used clinometers to estimate the degree of the slope to the stream.  With the 
clinometers measurement and an estimate of distance to the stream, we were able to calculate the slope.  
All these data are available in Appendix G, Data Tables. 
Laboratory Work: 
At the Geography Soil Laboratory, we dried the samples in an oven overnight at 105o C.  We then 
crushed the soil particles, so they would pass through a 2 mm sieve.  The granules that passed through 
the sieve were than divided into 4 piles and placed into the labeled small plastic beaker.  The rest of the 
crushed sample was returned to the labeled soil bag. 
All of the samples were than prepared for the phosphorus analysis, by crushing it in a machine until the 
soil was a fine crushed powder.  This was done by taking approximately 2 tablespoons of sieved soil and 
placing it in a tray in the machine, and letting the machine run until the right consistency was formed 
with the soil sample.  This soil, was than placed in a separate beaker with the same identification number 
as the original soil sample, with a purple label to distinguish it from the other samples. 
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After the soil was prepared we did the following analysis on the soil samples, which will be explained in 
more detail below: 
• Soil Phosphorus Content Analysis 
• Carbon Analysis 
• Hydrometer/Texture Analysis 
Soil Phosphorus Content Analysis: 
We took 2 replicates of 5 grams of soil and placed them in a plastic beaker. We then added 2 teaspoons 
of activated carbon (soot). We determined the P content first by the Olsen P Method (Described in 
Appendix A), and then converted our results to Mehlich III. 
Carbon Analysis: 
We measured out approximately 100mg of soil into a ceramic boat.  The boat was then placed in the 
carbon analysis machine (ELTRA CS-500), where it measured the percent carbon for the sample.  We 
took 6 replicates for each soil sample, in order to get a mean for that soil sample.   
Hydrometer/Texture Analysis: 
50 grams of soil was taken in two replicates and placed into labeled plastic beakers.  After which 40 mL 
of Sodium Phosphate (Na2P5O7) was added to the beakers and then filled with water.  We then placed 
the beakers to rotate over night in order for the soil particles to mix well.  The next day we took the 16 
hour test to coincide with someone coming in the lab on the second day to take the reading.  Our 
analysis readings can be found in Appendix G, Data Tables. 
Hand Analysis of Samples: 
For those samples we were unable to assess for soil texture analysis, two experienced soil scientists 
(Niels Jensen and Anita Veihe from ENSPAC) completed this task for us. 
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Results: 
In order to use the P-Index, we must first calculate the USLE with regards to our catchment site. 
We calculated our soil loss in the following manner: Using data obtained by Olsen & Leek (2000), we 
have an EI of 1450 (ft tons)/ (acre*inch*year) which converts to 24679 (MJ*mm)/ (ha*h*yr) which we 
used for all our sites.  We calculated our K value for each dig site by using a nomograph with data from 
our hydrometer, organic content and grain size analyses readings. We obtained our LS values by using 
our research data (See Appendix G) and the equation from Morgan (2005 p. 120), and our C values 
based on crop types available as published by Morgan (2005 p. 125) and a P factor of either 0.01, 0.5, 
0.6 or 1.0, depending on the land use involved at that site. Appendix G (Data Tables) lists our USLE 
results which we used to calculate our P-Index Rating for our test sites. For all other calculations 
involved with this report, we created workbooks and spreadsheets in Excel, which we have listed in 
Appendix G, Data Tables. Using these workbooks we were able to test the sensitivity of the Danish P-
Index, which we have reported upon in our discussion section. 
 
Our P analyses in Mehlich III values are listed below in Charts 1-5,: 
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Chart 2 
Soil P Content with Mechlich III
14 April 2008
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Chart 3 
Soil P Content with Meclich III
20 May 2008
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Chart 4 
Soil P Content with Mehlich III
28 May 2008
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Chart 5 
Soil P Content with Mehlich III
30 May 2008
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Our blinds for our phosphorous analyses were highly correlated, as evidenced by Charts 6-10 on 
the next 3 pages: 
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Chart 6: 
Soil Test P Blinds
7 April 2008
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Chart 7: 
Soil Test P Blinds
14 April 2008
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Chart 8 
Soil Test P Blinds
20 May 2008
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Chart 9 
Soil Test P Blinds
28 May 2008
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Chart 10 
Soil Test P Blinds
30 May 2008
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Our carbon content analyses of our soil samples are as follows in Table 5, below: 
 
Table 5: Carbon Content Analyses 
Site # Site ID Mean %C 
1 A518 2.015217 
2 A519 2.206617 
3 A520 2.393017 
4 A521 2.066267 
5 A522 4.5686 
6 A523 2.79735 
7 A524 2.336567 
8 A525 3.356683 
9 A527 2.96525 
10 A526 3.104833 
11 A528 2.726533 
12 A529 1.934967 
13 A530 3.960883 
14 A531 3.991683 
15 A532 3.01055 
16 A533 9.181767 
17 A534 5.717667 
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18 A535 5.028817 
19 A536 5.314517 
20 A537 2.14605 
21 A538 1.769217 
22 A539 2.425233 
23 A540 1.48515 
24 A541 4.74805 
25 A542 1.71975 
26 A543 1.421583 
27 A544 5.19995 
28 A545 3.092383 
29 A546 2.213817 
30 A547 2.683067 
*All other sites (548-570) we do not have results for at this point in time. 
 
 
With our data, we were able to construct a P-Index Rating using both the original Pennsylvania 
P-Index and the P-Index modified for Denmark, as seen in Table 6, below/next page. This table will be 
our reference for our discussion regarding the different results between the two P-Index Models. 
 
Table 6: Haraldsted Catchment P-Index Ratings by Individual Site 
Site ID 
PA  
P-Index 
Value 
Risk 
Factor 
DK 
 P-
Index 
Value 
Risk 
Factor 
A518 390 Very High 121 Very High 
A519 1622 Very High 364 Very High 
A520 81 High 45 Low 
A521 115 Very High 45 Low 
A522 100 High 53 Low 
A523 100 High 59 Low 
A524 299 Very High 115 Very High 
A525 128 Very High 63 Medium 
A526 131 Very High 76 Medium 
A527 311 Very High 116 Very High 
A528 567 Very High 152 Very High 
A529 235 Very High 66 Medium 
A530 145 Very High 49 Low 
A531 154 Very High 58 Low 
A532 168 Very High 53 Low 
A533 68 Medium 27 Low 
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A534 88 High 37 Low 
A535 272 Very High 76 Medium 
A536 200 Very High 59 Low 
A537 269 Very High 78 Medium 
A538 382 Very High 96 High 
A539 421 Very High 107 Very High 
A540 895 Very High 200 Very High 
A541 199 Very High 65 Medium 
A542 364 Very High 95 High 
A543 30 Low 26 Low 
A544 809 Very High 190 Very High 
A545 703 Very High 166 Very High 
A546 186 Very High 70 Medium 
A547 125 Very High 49 Low 
A548 2096 Very High 464 Very High 
A549 2703 Very High 576 Very High 
A550 1208 Very High 278 Very High 
A551 9864 Very High 2003 Very High 
A552 344 Very High 98 High 
A553 1446 Very High 313 Very High 
A554 88 High 50 Low 
A555 4285 Very High 875 Very High 
A556 32 Low 25 Low 
A557 24 Low 19 Low 
A558 63 Medium 68 Medium 
A559 236 Very High 79 Medium 
A560 47 Low 37 Low 
A561 63 Medium 51 Low 
A562 57 Low 29 Low 
A563 110 Very High 60 Medium 
A564 36 Low 29 Low 
A565 373 Very High 91 High 
A566 76 Medium 65 Medium 
A567 283 Very High 81 High 
A568 521 Very High 133 Very High 
A569 588 Very High 177 Very High 
A570 446 Very High 135 Very High 
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Discussion: 
When we decided to perform an experiment for our semester project report, we understood we 
would be limited in our choices, timeframe and availability of resources.  As such, we had to assess our 
catchment and choose representative portions for sampling, as it was impossible for two people to 
successfully sample the entire catchment for this experiment, given the time allotted during our semester 
and one of us being in her last trimester of pregnancy. We were also hindered by not being able to 
contact all the landowners to obtain their permissions for digging samples from their properties, further 
limiting the available area for sampling. We obtained a total of 53 soil samples for testing during our 
semester, of which we had time to fully test 30 samples (Carbon, Texture analysis and P) before the 
printing of this report. The remaining 23 we tested for P, assumed a C content and performed a hand 
texture analysis.  Ideally we would have preferred to sample at least 100 soil sites to ensure an adequate 
sampling size, but it was simply not possible for us to do so during a single semester and the lab time 
available to us for project work. Therefore, it is important that we specify both the limitations and the 
parameters by which we have performed our research and disclose the choices we made during our 
experiment which could affect our data reporting. 
As a general rule, we obtained our first 22 samples within the 45 m boundary of the stream and 
only sampled agricultural land.  We believed at first that this was what was specified by the P-Index 
guidelines, as this distance was sufficiently relevant for the experiment.  However with continued 
reading of P-Index theory we realized that the authors meant that the bottom boundary of the field 
should be within the 45 meter mark from a water source. We obtained 8 more samples from fallow 
fields, forested areas and pasture land beyond 45 m. Despite our low number of samples, it should be 
noted that our percentage of agricultural samples were 80% (excluding fallow fields), which is not at all 
that dissimilar to the 78% reported in the Schiøtz et al.(2006) study of our catchment – therefore we feel 
we have a reasonable representative sample set from our site. The last 23 samples that were taken 
included distances farther up slopes we considered significantly at risk transporting sediment via 
overland flow, including taking samples from those from fields we have sampled previously.  We had to 
be a bit more selective in our sampling areas at this time, and were limited to areas of the field that had 
less crops planted, so as to not damage any crops.  
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As this catchment area is heavily drained, it posed a number of questions for us.  We do not 
know the extent of the drainage implemented nor how it is patterned, nor do we know the overall 
condition of any of the drains at the site (well maintained, functional, poorly maintained or unusable); 
which means we are lacking one concrete facet of information regarding our soil bound P being 
transferred preferentially via the drainage system.  We also noted areas of standing water, indicative of 
flooding as well as areas of obvious rill erosion which would indicate recent heavy rains and as well as a 
strong overland flow of particulate matter. We used a Garmin handheld GPS etrex tracker for obtaining 
our coordinates which we entered into Google Earth to measure our slope.  At some point we lost 
connection to the satellite link, and as such the coordinates for samples: A533, A550, A551, A554, 
A562, A564 and A569 are inaccurate (we estimate up to 500 m in error), and we must estimate the 
distance and our slope values for these samples 
We found a need to assume or assign values when no concrete figures could be calculated or 
obtained, and that this occurs often when using the Danish P-Index.  This will result in an unknown 
margin of error when calculating overall risk of P loss. We did discover some other problems with using 
the Danish P- Index, as follows: 
• The P-Index is not used for quantifying how much particulate P will enter a water body; 
it instead calculates the rate of movement of particulate P from the slope towards the 
water body. The amount of particulate P which enters the water body depends on both the 
rate and intensity of precipitation, the soil type and the amount of slope present.  It is 
entirely possible that it could take years for some particulate P to travel the length of the 
slope and enter the water body, something that the P-Index cannot account for. 
• The P-Index assumes a single application of fertilizer/manure.  Since it is common in 
Denmark to also plant a winter harvest, it is also possible that there is a second 
application of available P in the form of fertilizer/manure in the fall/winter months when 
more rainfall is prevalent, thus increasing the risk of P loss to the water body. 
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• The P-Index does not allow for differences in fertilizer type (% of soluble/insoluble P 
available by commercial/industrial fertilizer), while it makes allowances for differences 
in organic manure applied. 
• The P-Index is not able to calculate changes in the erodibility of the soil with irrigation 
use or the susceptibility of the soil to detachment. It assumes a constant erosion factor, 
when in reality there is a change in erodibility during precipitation due to preferential 
loading of fine soil particles to overland flow at the beginning of any precipitation event. 
It is possible to calculate a weighted erosion factor to account for the change in 
erodibility, but this is not accounted for with the P-Index. 
• The test for available soil P is only a reference to the amount of total P which may (or 
may not) be present.  It does not calculate the total P in the soil surface; it only provides 
an estimate of the amount of P (organic, adsorbed or soluble) and the P which is usable 
for agricultural uptake. 
• Andersen and Kronvang (2006 p. 349) describe the magnitude of erosion into three 
classes, ‘negligible’ ‘medium’ and ‘high’. Yet they do not give distinct amounts for each 
of the three classes, nor do they give justification as to how they calculated them. Instead, 
they explain them as, “The distinction between ‘negligible’ and ‘medium’ is a soil loss of 
0.084 t ha-1yr-1, and between ‘medium’ and ‘high’ a soil loss of 1.008 t ha-1 yr-1” We 
found this method of distinguishing between classes quite difficult to work with. 
• The variations in laboratory techniques for the extraction of labile P can also affect the 
soil test P results.  For example, different shaking times/speeds can create large enough 
differences which can limit the ability to accurately predict the amount of labile P 
present. In our study, we discovered that readings for P must often be repeated due to 
bubbling of reagents. 
 
 
Larsen & Tock                                                                            4 June 2008 
 
 
Page 59 of 97 
When calculating our Danish P-Index figures, we used the following assumptions and calculations: 
Regarding Source Factors: 
Soil Test P 
We calculated our soil test P in the laboratory, with a fit of .994-1, which gives us a very high 
correlation of accuracy. All samples were within 1 standard deviation of the mean due to our small 
sample size. 
Fertilizer/Manure P Rate: 
We made no general distinction between fertilizer and manure for our study, instead grouping them 
together as one general variable when we could not obtain any data distinguishing one from the other, 
with the exception of fallow, forest and pasture land which we assumed as receiving no fertilizer (there 
is no rating available for horses). For our results, we chose a rate of fertilizer/manure application of 15 
kg P ha-1 as we determined that this was the beginning range of fertilizer P values which began to 
influence our overall P-Index Rating, as seen in Table 6, below and Table 7, next page: 
 
Table 6: Fertilizer/Manure Rate P Values, 15 kg P ha-1 
P-Index Rating Number Site Ids 
Low (>60) 12 A520, A521, A522, A523, A530, A531, A532, A533, A534, A536, A547, A554 
Medium (60 - 79) 8 A525, A526, A529, A535, A537, A541, A546, A559 
High (80-99) 5 A538, A542, A552, A565, A567* 
Very High (100+) 18 A518, A519, A524, A527, A528, A539, A540, A544, A545, A548, 
A549, A550, A551, A553, A555, A568, A569, A570 
*Indicates site moved up to the next P-Index Rating 
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Table 7: Fertilizer/Manure Rate P Values, 20 kg P ha-1 
P-Index Rating Number Site Ids 
Low (>60) 9 A520, A521, A522, A530, A532, A533, A534, A547, A554, 
Medium (60 - 79) 9 A523*, A525, A526, A529, A531*, A535, A536*, A541, A546 
High (80-99) 5 A537*, A542, A559*, A565, A567 
Very High (100+) 20 A518, A519, A524, A527, A528, A538*, A539, A540, A544, A545, A548,  
A549, A550, A551, A552*, A553, A555, A568, A569, A570 
*Indicates site moved up to the next P-Index Rating 
We found that all recently converted lands to fallow lands have a medium P-Index value, which 
is not surprising given the recent use of P fertilizers on sites where previously there had been none.  All 
forest sites tested had a low P-Index value, which we had anticipated, given the amount of nutrient 
cycling in natural forests.  We also determined that addition of fertilizers up to 40 kg P ha-1 does not 
have an effect on the fields’ P-Index Rating, as a limit of extractable P has been reached at lower manure 
rate values. 
P Source Application Method: 
For this study we assumed the incorporation value for our P source application method to be 0.4 
(Incorporated < 1 week).  We chose this value based on recommendations from Niels H. Jensen, 
Roskilde University Geography Professor, ENSPAC. 
Manure P Availability: 
We assumed all manure used on our fields to be from pigs, with a value of 1.0.  Given the scope of pig 
farming present in the area, we felt this was a reasonable assumption. 
 
Larsen & Tock                                                                            4 June 2008 
 
 
Page 61 of 97 
Regarding Transport Factors: 
Runoff Potential – we defined our risk categories as follows: 
• 0-2 degrees slope =  very low potential 
• 2-5 degrees slope = low potential 
• 5-7 degrees slope = medium potential 
• 7+ degrees slope = high potential 
 
These values are representative of the variations in slope for our catchment, with our highest 
recorded slope being 7 degrees which we have classified as having a high potential for runoff. For this 
report, the ‘very high risk’ category is not used, given the range of slopes in our study area, but it could 
be applied to other areas of Denmark if necessary. Our samples ranged in runoff potential from very 
low, low and medium (a value of 0, 2 and 4). When examining the potential variable ‘very low’ (using a 
medium erosion potential for modified connectivity and only considering Part C of the P-Index for 
calculations) to test model sensitivity, we had 16 fields with a very high P Index, 3 high, 8 medium and 
26 low. If we instead select the ‘low’ variable, we calculate the following P Index values: 17 very high, 
5 high, 10 medium and 22 low.  
 
Leaching Potential: 
Our soil texture analyses of sandy loam and sand leads us to choose a leaching potential of 2 for our P-
Index. 
Subsurface Drainage: 
We know there exists tile drainage on at least one of our study fields, therefore we selected a value of 2 
(Field is on a tile drainage system) as our default value for our P-Index. Field site A540 is the exception; 
this site is forested.  We also assumed that any current fallow land was until recently agricultural land, 
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and thus contained a drainage system (including pastureland). If we keep our runoff potential as ‘low’ 
and change our drainage pattern to ‘few ditches or tile drains’, we calculate the P-Index values of 16 
very high, 4 high, 10 medium and 23 low. Given our estimated 80% agricultural sampling size, it would 
be unrealistic to choose 0 (no artificial drains). 
Contributing Distance: 
We have no variations on contributing distance, since our tested samples were within 45 meters of the 
water body. Therefore we used the assigned value of 8. 
Modified Connectivity: 
The modified connectivity variable appears to have the most impact on our final P-Index figure. 
For our project, we have assigned a modified connectivity of medium (>2m riparian buffer, which was 
representative of our test sites) which has a value of 0.20. We tested this variable for sensitivity, and as 
an example we created Table 8, 9 and 10 on the next page(s) to see the relationship between modified 
connectivity values, calculated USLE values and P-Index ratings (assumes an average soil P content of 
57.785 kg ha-1). 
Table 8: P-Index Values assuming a Modified Connectivity of 0.59 (High Erosion Risk) 
USLE Erosion 
Value 
P-Index 
Value 
0-1.1 Low 
1.2-7.64 Medium 
7.65-14.0 High 
14.1 + Very High 
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The high erosion risk variable requires a very slight overall change in erosion value to have a 
significant impact on the P-Index value.  Overall it is the most sensitive with regards to change.  
Table 9:  P-Index Values assuming a Modified Connectivity of 0.20 (Medium Erosion Risk) 
USLE Erosion Value P-Index Value 
0-19.19 Low 
19.2-38.14 Medium 
38.15-57.17 High 
57.18+ Very High 
The medium erosion risk variable is less sensitive with regards to P-Index value when compared 
with the high risk variable.  It required a wider range of erosion values to cause a change in Index rating. 
Table 10: P-Index Values assuming a Modified Connectivity of 0.02 (Low Erosion Risk) 
USLE Erosion Value P-Index Value 
0-263.07 Low 
263.08-453.43 Medium 
453.44-643.79 High 
643.8+ Very High 
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The low erosion risk category is the least sensitive overall.  It requires a large change in erosion 
value in order to see a change in P-Index results. The choice of modified connectivity appears to be the 
major contributing factor to influencing the P-Index results. If the wrong option is selected, it will limit 
the effectiveness of the Index. 
We also encountered some limitations when using the USLE to calculate our soil loss in 
Denmark.  The USLE was devised and calibrated for use in the eastern portion of the US, and it makes 
assumptions that there will be a low level of clay montmorillonite, and it has no data for the erosion 
potential of sandy soils.  Since we had a series of samples which were hand texture analyzed as being 
sandy loam and sandy, (70% and 90% sand values, respectively) we opted to chose an organic C content 
of 3.25% to use with our sandy loam samples, which was the average C content of our earlier samples 
(our C reading for samples A548-A570 had not been completed when this report went to print). Our C 
content was unusually high for some of our samples, as some contained straw or other soil residue. We 
attempted to remove as much foreign matter as possible, but could not remove it all. Our sandy samples 
we used an average C content of 2%, as that was the highest C content which we were able to get a 
reading from our nomograph as found in Morgan (2005, p 56).  Also, it should be noted that the various 
factors for the USLE equation are all interrelated and can affect each other – such as rainfall affecting 
the R and C factors and yet the importance of slope gradient in high precipitation areas is not considered 
(Morgan, 2005 p. 121). The C values themselves which were defined in Morgan (2005. p 122) are for 
crops not typical in Denmark or Europe, so we chose values which were most representative for the crop 
type in question (sorghum values for rapeseed, for example) for the site we sampled.  
Our P values were assigned as follows: 
• For all sites with no plowing (fallow land/forested), we have used a value of 0.01 to 
represent minimal erosion potential which is the lowest value possible on the P value 
(Table 17.7 from Brady & Weil, 1999 p. 687.) 
• For site A556, we used a value of 1.0 to represent recent conversion (clean cut/clearing) 
from fallow land to unused pasture within the last 6 years as found in Morgan (2005, p. 
121) 
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• For all other sites not fallow/forested we have used a P value of either 0.5 or 0.6 
representing plowing against the gradient (contour) or plowing up/down the slope as 
found in Morgan (2005, p. 126). 
We also calculated the P-Index Ratings for our sites using the original Pennsylvania Index. When doing 
so, we selected 1.0 for modified connectivity on all agricultural lands, since there were grass buffer 
zones and trees were scarce. All other variables were the same as those we used in the Modified P-Index 
for Denmark. 
We can now compare our Pennsylvania P-Index Ratings with those from the Modified P-Index 
for Denmark. Overall, it appears that the Modified P-Index for Denmark is less sensitive than that for 
the Pennsylvania Index, as evidenced by Table 11, below: 
 
Table 11: Total Ratings for both the Pennsylvania and Danish P-Indexes 
P Index 
Rating 
Total 
Number  
PA 
Total 
Number 
DK 
Low 6 19 
Medium 4 11 
High 5 5 
Very 
High 38 18 
  
We discovered that if we closely examined our erosion number which we calculated, and the runoff 
potential as indicated by Andersen and Kronvang (2006), we could narrowly define our modified 
connectivity (which is what we have done) in order to end up with lower P-Index values. For example 
we estimated the modified connectivity of sample A549 as Erosion High (0.59), which returned a 
Danish P-Index value of 1625. If we instead opt to use the Erosion Medium (0.20), our P-Index value 
will drop to 576. Likewise, sample A518’s P-Index value dropped from 121 (very high) to 51 (low) just 
by of altering the modified connectivity variable to Erosion Medium.  It is interesting to note that 
Andersen and Kronvang did not use soil P tests in their development of the Danish P-Index model, 
which could possibly account for the lack of sensitivity in some areas of calculations. 
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 Overall, our P-Index results are low according to Shiøtz, et al (2006) as we reported 35.8% 
having a low P-Index Rating, 20.8 had a medium rating, 9.4 had a high rating and 34% had a very high 
P-Index Rating. It is our opinion that for this catchment, utilizing the original Pennsylvania P-Index 
model would be more consistent with previous studies of this area.  If the Pennsylvania P-Index was 
applied, there would be 11.3% with a low rating, 7.5 with a medium, 9.4 with a high rating and 71.1% 
with a very high P-Index Rating, which closer resemble the high risk value reported by Shiøtz, et al 
(2006 p. 66) of 95.8%. 
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Perspectives: 
If we were to perform this study again in the future, we have some recommendations for improving the 
general timeline of the project. 
Before attempting sampling:  
1. Obtain accurate maps (or use GIS) delineating property lines, boundaries and slopes and if 
possible, schedule a time to with the landowners to secure all necessary permissions before 
digging.   
2. When contacting the land owners for permission, have a list of relevant questions (fertilizer use, 
crop rotation/planting schedule, grazing/animal presence, etc) already prepared, and be ready to 
answer their questions regarding the project. Bring a translator if needed.  
3. Estimate the number of samples necessary per site and plan accordingly.  If adjustments are 
needed, document them with justifications. 
4. If possible, utilize a GPS device with a screen or a laptop with satellite internet to ensure 
accurate marking of sample sites. (If no GPS is available, be sure to bring a tool to measure 
distance in meters.) 
5. Speak with the lab attendants or schedule lab time well in advance for P, C and 
hydrometer/textural analyses. 
We spent a considerable amount of time attempting to ascertain who actually owned which property (or 
who was farming the land owned by someone else), which could have been used gathering samples for 
testing.  
During sampling: 
1. Be sure to remove as much mulch/crop residue (aka straw) as possible from the sample before 
bagging.  Otherwise, the overall carbon content of the soil sample will be higher than normal, 
which will skew the results of the carbon analysis. 
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General Thoughts: 
 A project of this scope and depth is not exactly suited for a 4th semester project, as we feel it 
requires more than a theoretical knowledge of the subject matter. Dealing with field work and soil 
samples in the lab, as well as the various charts, equations and rationale behind necessary assumptions 
require experience which we did not have.  This was also a hindrance when attempting to compare and 
contrast our results and test the model for sensitivity.  
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Conclusion: 
 
We feel that the Danish P-Index could be a valuable tool if it were more precisely defined in its 
variable factors – there are too many vague or overly subjective factors to be considered at present 
which could be manipulated for a ‘best case/worst case’ scenario as desired. When compared to the 
results we obtained running our values through the original Pennsylvania P-Index, the Modified Danish 
P-Index seems like the ‘best case’ scenario as it consistently rated the potential for P loss to be less than 
what the original Index and other reports in the catchment calculated. These Danish P-Index values 
could be misconstrued or otherwise misinterpreted to suggest a minimal risk of P loss for the Haraldsted 
watershed. Since we have not sampled the catchment in its entirety, it is possible that our findings could 
have reflected a minimal risk of P loss in other areas of the catchment. However we find that possibility 
unlikely as the catchment is dominated by agriculture, which contributes a very high risk of P loss. 
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Appendix A:  Olsen-P Method (revised June 2003) 
 
Translated from Danish to the best of our ability by: Steffen H. Larsen, Marietta Cook Larsen, and Linda 
L. Tock 
Olsens-P method, plant-available, extracted with 0,5 M NaHCO3, ph 8,5 
Principle 
The earths content of phosphorus is extracted with sodium bicarbonate. The phosphate-content in the 
extract is determined [kolorimetrisk] by using ammonium-molybdat-kaliumantimonyltartrat and 
ascorbic acid as reduction-means (Or reduction-substance, Steffen). 
Special apparatus 
A Spektrofotometer is used for the measurement. 
Chemical Security 
Ammoniumheptamolybdat – There is not information available, that makes it possible to classify the 
substance. Use with caution. Use disposable gloves and measuring-cabinet when measuring. 
Kaliumantimon(III)oxidtartrat – Healthhazardous, use disposable gloves and measuring-cabinet when 
measuring. 
Ammoniumheptamolybdat/kaliumantimon(III)oxidtartrat – Need not be marked, but use with caution. 
Sulphuric acid – caustic, use security glasses, acid-gloves, plastic apron and fume cupboard when 
measuring. 
Sulphuric acid 0,3 M – [lokalirriterende] (directly translated: locally irritating). Possibly use disposable 
gloves and security glasses when measuring. 
Ascorbic acid - There is not information available, that makes it possible to classify the substance. Use 
with caution. Consider disposable gloves and measuring-cabinet when measuring. 
Sodium hydroxide – Caustic, use disposable gloves and security glasses when measuring. 
Sodium hydroxide 2,0 M - Caustic, use disposable gloves and security glasses when measuring. 
Sodium bicarbonate - There is not information available, which makes it possible to classify the 
substance. Use with caution. Consider disposable gloves and measuring-cabinet when measuring. 
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Sodium bicarbonate 0,5 M pH 8,5 - There is not information available, that makes it possible to classify 
the substance. Use with caution. 
Activated carbon -  (local irritant). Use measuring cabinet and possibly disposable gloves when 
measuring. Note that activated carbon is messy. 
NB:  Read the chemical use directions in the measuring room before work begins. 
Reagents: 
Ammoniumheptamolybdat ((NH4)6Mo7O24*4H2O) – 
Kaliumantimonyltartratopløsning (C4H4O7KSb): 
  12.80 g (NH4)6Mo7O24*4H2O) is measured on a technical weight and dissolved in a 250 mL cup-glass 
filled with deionized water. After this 0.3102 g C4H4O7KSb is measured on an analysis-weight and 
dissolved in a 100 mL cup-glass filled with deionized water. 80 mL 96% H2SO4 measured with a 
measuring glass is transferred carefully in a fume hood to a 2000.00 mL measuring flask, which is ½ 
filled with deionized water. The contents of the two cup-glasses are transferred quantitatively to the 
2000.00 measuring flask. Remember to rinse the two cup-glasses with double ion exchanged water and 
also transfer the rinsing water to the measuring flask. Double ion-exchanged water is filled to the mark, 
and the solution is mixed well. After the the mixing the solution is transferred to a plastic flask which is 
marked with chemical name, name and date. The reagent is kept cool and protected against light. 
 
Phosphate reagent: 
3.000 g ascorbic acid is measured on an analytical weight, and is dissolved in a 5000.00 mL measuring 
flask which is ½ filled with the above mentioned ammoniumhepta-molybdat-kaliumantimonyltartrat-
solution. Fill ammoniumhepta-molybdat-kaliumantimonyltartrat-solution to the mark and the solution is 
mixed well. The flask is marked with chemical name, name and date. The finished reagent has limited 
duration and must be used the same day it is made. 
Sulphuric Acid, 0,3 M H2SO4 
  33 mL 96% H2SO4 measured with measuring glass is transferred carefully, in a fume cupboard, to a 
2000.00 mL measuring flask, which contains 1000 mL deionized water. Be cautious of the heat-
development. After cooling to living room temperature, fill with double ion-exchanged water to the 
mark, and mix well. After mixing, transfer the solution to a plastic standard flask which is marked with 
name and date. 
Sodium Hydroxide, 2,0 M NaOH: 
  80.000 g NaOH is measured on an analytical weight and dissolved in a 1000.00 mL measuring flask, 
which is ½ filled with deionized water. Be cautious of the heat-development. After cooling to living 
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room temperature, fill with deionized water to the mark, and mix well. After mixing, transfer the 
solution to a plastic standard flask which is marked with name and date. 
Sodium Bicarbonate, 0,5 M NaHCO3 pH 8,5: 
  84.00 g NaHCO3 is measured on a technical weight, and dissolved in a 2000.00 mL measuring flask, 
which is ½ filled with deionized water. The measuring flask is filled 80 – 90% with deionized water and 
pH is set to 8,5 with 2,0 M NaOH. Fill with deionized water marked with and mix well. After mixing, 
transfer the solution to a plastic flask which is marked with name and date. 
 
Standard solutions: 
Standard solutions are produced after “The analysis execution”. 
 
[Fosforstamopløsning I] (Directly translated: Phosphorbasesolution I), 10 mg P/L: 
  Bie and Berntsen forforstamopløsning. Remember to take the fosforstamopløsning out of the chemical 
refrigerator minimum 1 minute before use. 
Fosforstamopløsning II, 1 mg P/L: 
  10.00 mL forforstamopløsning I is transferred with full-pipette to a 100.00 mL measuring flask, which 
is ½ filled with double ion-exchanged water. Add double ion-exchanged water to the mark, and the 
standard  is mixed well. The standard is marked with name and date. 
[Phosphorus standard]: 
  5 phosphorus standards are produced. Each has 30.00 mL 0,3 M H2SO4 added with full-pipette to each 
100.00 mL measuring flask.  
Transfer in order 0.00 – 5.00 – 10.00 . 25.00 and 40.00 mL of forforstamopløsning II with full pipette to 
each 100.00 mL measuring flask. To each of the 5 phosphorus standards is added 10.00 mL 0,5 M 
NaHCO3 and 15.00 mL phosphate reagent with full-pipette. When all CO2 has been driven out by 
careful shaking, add deionized water to the mark and mix well. The standards concentration is for each: 
0.00 – 0.05 – 0.10 – 0.20 and 0.40 mg P/L. The standards are marked with chemical name and –strength. 
The prepared phosphorus standard has a limited duration and must be used the same day that 
they are prepared. 
Standard curve: 
The standards are measured after the “analysis execution” 
Larsen & Tock                                                                            4 June 2008 
 
 
Page 78 of 97 
1) After app. 15 minutes of resting, a little of the standards are poured in a [engangskuvette] and the 
light absorption is measured at 890 nm on a spektrofotometer. 
Analysis execution: 
1) The analysis is executed with a group of 10 and a group of 9 samples. The second group is 
started after ‘6’ in this sequence of steps. It is possible to make and analyze two groups of 19 
samples total in a day. Remember that extraction fluids can only be added when the analysis is 
being started. 
2) Measure 5.000 g (+/- 0.002 g) earth, which has been crushed in a pestle, on an analysis weight, 
in a 250 mL plastic flask. Remember to make triple determination for every 10th test, and to 
include the 5 control-earths. 
3) Add 2 teaspoons of activated carbon. Use greater amounts for earths with a high content of 
organic substance. 
4) Add 100.00 mL 0,5 M pH 8,5 sodium bicarbonate-solution with full-pipette and the solution is 
shaken on shaking table with 200 rpm for exactly 30 minutes. 
5) The extracts are immediately filtered through folded 125 mm round filters and collected in a 100 
mL plastic flask. The plastic flask is marked with analysis name, name and date. 
6) If the extract after filtering is still colored, centrifuge the extract or shake the extract on the basis 
of the color strength, with 1-2 teaspoons of activated carbon for a further 10 minutes. 
7) Take 10.00 mL of the extracts with full-pipette, to each their own measuring flask, which is half 
filled with deionized water. 
8) Add 15.00 mL phosphate reagent with full-pipette to each measuring flask and shake to remove 
CO2. The measuring flasks are filled to the mark with double ion-exchanged water, and mixed 
well. 
9) After app. 15 minutes of resting, pour a little of the extracts into a [engangskuvette] and measure 
the light absorption at 890 nm on the spektrofotometer. 
 
Calculating the result: 
  On the background of the standard curves, the spektrofotometer calculates the amount of phosphor 
mg P/L contained in the earth. The earths content of phosphor is calculated: 
 
Mg P / kg =( A mg P/L x 100 mL x 100 mL x 1000 ML/L 1000 g / kg) / (B g earth x 10 mL ) 
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Where 
A = the extracts measured phosphorus concentration mg P/L 
B = g earth weighed 
The result is measured in mg P/kg with 0 decimals. 
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Appendix B: Grain Size Analysis 
This procedure is used by the Department of Geography at Roskilde University and is available for 
student use in Geography A.. 
 
Written by: Niels H. Jensen, Professor, ENSPAC 
The soil sample is dried and passed through a 2mm mesh sieve. This fraction is called the fine earth 
fraction, and normally  analyses of concentration of matter in the soil refer to the fine earth fraction. For 
example: if you read that the clay content in a soil is 23% it means that 23% of the fraction less than 
2mm in diameter is clay by weight. If the particles > 2mm constitute more than 1-2 %, the relation 
between the total soil and the fine earth fraction is determined by weight. 
The hydrometer analysis 
• 50,00 g (or between 25 and 50 g) soil is weighted in a plast beaker (185 ml) 
• 40 ml 0.1 M natriumpyrophosphat is added 
• Mix-bed water is added  
• The beaker is shaken night over  
• The suspension is transferred to a 1000 ml cylinder glass wich is filled to the 1000 ml mark with 
mix-bed water 
• Make a “blind sample”, that is a cylinder glass with 40 ml 0.1 M natriumpyrophosphat and filled 
to the 1000 ml mark with mix-bed water, and treat it as the real samples including the 
hydrometer measurements (these are needed for the calculations). 
• The cylinder glass is transferred to temperature regulated water bath  
• The suspension is homogenized with the stirrer 
• The hydrometer is read after 4 min., 8 min., 2h and 16h. 
• Half a minute before the reading the hydrometer is cautiously lowered into the water and reading 
is done on the exact time.  
• After a reading the sample is stirred again and the time measurement starts over again. 
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Calculations of hydrometer readings 
For calculating the content of grain sizes less than 20µm and 2µm based on the hydrometer 
readings is used the two diagrams shown below. To give an example on have to use the diagrams: The 
hydrometer readings could be the one shown in table 1. 
Table 1. Example of hydrometer readings. 
---------------------------------------------------------------------------------------------------- 
     Blind sample    Sample1     (Sample 1) – (blind sample)   Point at figure 1 
4 min.  0.5        17.0     16.5    1 
8 min.  0.5        16.0     15.5    2 
2 hours 0.5        12.0     11.5    3 
16 hours 0.5        10.0       9.5    4 
--------------------------------------------------------------------------------------------------- 
Temperature: 22 C°  
 
In the diagram for 4 min. (the right part of the right diagram) mark the hydrometer reading 
according to the ordinate (hydrometeraflæsning means hydrometer reading) and the temperature curve. 
This is shown as point 1 in figure 1. Do the same for the hydrometer reading after 8 min. (the left part of 
the right diagram). Connect the two point and where the line cross the abcisse value 20µ, read the value 
at the ordinate, in this case 16 and the unit is g/liter. This means that the soil sample contained 16 gram 
of grain sizes less than 20µm per liter suspension and we had exactly 1 liter suspension in the 
sedimentation analysis. Repeat this for the 2 and 16 hours readings in the left diagram. 
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Appendix C: 
 
 
Source: DMI 
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Appendix D: Phosphorus (P) Losses from different land uses related to P fertilizer 
application. 
 
Source: Hart, et al 2004, p 1959 
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Appendix E: Soil Sample Preparation Guide: 
Author: Niels H. Jensen, Roskilde University Geography Professor, ENSPAC 
 
When the soil sample is brought into the lab after sampling in the field it has to be dried as the first. This 
can be done in an oven at 105 C or it can be air dried. Afterwards the sample is passed through a 2 mm 
mesh sieve. This fraction is called the fine earth fraction, and normally soil analyses refer to the fine 
earth fraction. Due to clay and silt the soil can after drying contain a lot of hard aggregates, which have 
to be crushed before sieving. This can be done in a mortar, but be careful not to crush the mineral grains, 
only the aggregates. 
 
If the particles > 2mm constitute more than 1-2%, the relation between the total soil and the fine earth 
fraction is determined by weight. 
 
From the fine earth fraction subsamples are taken for the different analysis. Be careful to take 
representative subsamples. 
 
Check for content of calcium carbonate content by adding a small amount of diluted HCl (10%) to a 
small subsample. If the sample bubbles or fizzes clearly then it contains free calcium carbonate. This is 
important to know in relation to the carbon analyses. 
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Appendix F: Eltra CS-500 Analysis Procedure 
Sulphur and Carbon determination, author unknown.   
Reprinted from instruction manual. 
 
1. Switch the oven on, and adjust the temperature on 1300° C. Wait at least 3 hours. 
2. Switch ELTRA on 20 minutes before use. Set the red button on 2. 
3. Open for oxygen. Usually one should just turn the black tap before the reduction valve, from 
horizontal to vertical position. The reduction valve is adjusted to the correct pressure. 
4. Control the manometer (round). It must not be below 5 psi. The pressure inside the instrument 
(the long one with the ball) must be around 3 l/min. 
5. Control ELTRA in and out pressure (oblong with ball). The bottom one is the flow in and should 
be around 200. The top one is the flow out and should be around 180. 
6. Control the BAR-meter (round), it should be around 1.5 bar. 
7. * If abovementioned values are far off from the adjustment, one can regulate on the screw under 
the oblong meter on the reduction valve and/or on the screw under the meter on the bottom 
device. 
8. The ammeter (uA) on the device must be on 0, which means that nothing is burning in the 
system (The uA meters can be adjusted with a screwdriver). 
9. Around 100 mg of the soil sample is weighed in a porcelain boat. 
10. Press the ‘mg’ button 
11. Place the boat in the tube of the oven. 
12. Press the ‘start’ button. 
13. Push the boat into the tube. 
14. After around 60 seconds, the result in % will be shown on the display. 
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Appendix G: Data Tables 
Calculation of LS Values for Haraldsted Catchment Study 
LS 
Calculations        
  
Slope 
length Gradient factor LS Gradient 
Ploughed 
against 
slope P Value 
A518 18.8 1 0.2 0.112762 -1 N 1 
A519 35.3 5 0.6 0.598818 -5 N 1 
A520 8.9 0.5 0.1 0.081366 -0.5 Y 0.6 
A521 18.9 3 0.4 0.24269 -3 Y 0.5 
A522 13.1 0 0.1 0.06168 0 N 1 
A523 13.1 0 0.1 0.06168 0 Y 0.6 
A524 19.1 4 0.6 0.31949 -4 Y 0.5 
A525 6.9 0.5 0.1 0.079321 -0.5 N 1 
A526 3.5 0.5 0.1 0.074115 -0.5 Y 0.6 
A527 16.8 0 0.1 0.063233 0 N 1 
A528 15.9 5 0.6 0.37108 -5 Y 0.5 
A529 24.3 1.5 0.2 0.149903 -1.5 N 1 
A530 19.8 0.5 0.1 0.088139 -0.5 N 1 
A531 12.5 1 0.2 0.103923 -1 Y 0.6 
A532 12.7 1 0.2 0.104253 1 N 1 
A533 11.9 0 0.1 0.06109 0 N 1 
A534 4.6 0 0.1 0.055551 0 N 1 
A535 5.8 0.5 0.1 0.077955 -0.5 N 1 
A536 6.9 0 0.1 0.05785 0 N 1 
A537 18 1.5 0.2 0.141171 -1.5 N 1 
A538 21.3 3 0.4 0.254577 -3 N 1 
A539 23.2 3 0.4 0.263429 -3 N 1 
A540 17.8 3.5 0.6 0.265124 -3.5 N 1 
A541 22.3 1 0.2 0.116678 -1 N 1 
A542 22.9 2 0.3 0.182867 -2 N 1 
A543 23.1 1.5 0.2 0.148393 -1.5 N 1 
A544 19.3 2 0.3 0.173721 -2 N 1 
A545 6 3 0.4 0.153366 -3 N 1 
A546 12 0.5 0.1 0.083834 -0.5 Y 0.6 
A547 7.3 0.25 0.1 0.068609 -0.25 Y 0.6 
A548 54.4 5 0.6 0.776228 -5 Y 0.5 
A549 64.2 6 0.6 1.078064 -6 Y 0.6 
A550* 91 2 0.3 0.276628 -2 N 1 
A551* 228 7 0.6 2.830991 -7 N 1 
A552 16.2 0.5 0.1 0.086388 -0.5 N 1 
A553 131 4 0.6 1.014377 -4 Y 0.5 
A554* 45 0 0.1 0.069781 0 NA 0.01 
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A555 104.6 5.5 0.6 1.292869 -5.5 N 1 
A556 17.6 0 0.1 0.063528 0 NA N** 1 
A557 3.1 0 0.1 0.053401 0 NA 0.01 
A558 11.74 0 0.1 0.061007 0 NA 0.01 
A559 33 0.5 0.1 0.092758 -0.5 Yes 0.6 
A560 18 0.5 0.1 0.087303 -0.5 NA 0.01 
A561 10.6 0 0.1 0.060387 0 NA 0.01 
A562* 25 0 0.1 0.065797 0 NA 0.01 
A563 8.81 0 0.1 0.059281 0 Y 0.6 
A564* 20 0 0.1 0.064346 0 NA 0.01 
A565 44.5 2 0.3 0.223199 -2 Y 0.5 
A566 11.6 1 0.2 0.102381 1 N 1 
A567 10.2 0.5 0.1 0.082482 -0.5 Y 0.6 
A568 15.1 0.5 0.1 0.085783 -0.5 N 1 
A569* 9 0.5 0.1 0.081456 -0.5 N 1 
A570 20.34 1 0.2 0.114551 -1 Y 0.6 
        
*GPS device off, thus estimated (step count method) slope measurements were used 
instead 
**Field has been converted recently that tracktor ruts are still visible   
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Haraldsted Catchment Site Index 
Site Index 
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1 A518 2/4 2008 0674869 6153167 20 20 -1 5 wheat 0.4 Kongsgaard 
2 pictures of 
site 
2 A519 2/4 2008 0674853 6153197 24 40 -5 5 wheat 0.4 Kongsgaard   
3 A520 2/4 2008 0674882 6153095 20 10 
-
0.5 5 cut barley 0.13 Kongsgaard 
In May, there 
was barley 
planted 
4 A521 2/4 2008 0674853 6153121 24 40 -3 5 cut barley 0.13 Kongsgaard 
In May, there 
was barley 
planted 
5 A522 2/4 2008 0674776 6153190 13 30 0 10 cut barley 0.13 Kongsgaard 
In May, there 
was barley 
planted 
6 A523 2/4 2008 0674709 6153310 14 20 0 5 cut barley 0.13 Kongsgaard 
In May, there 
was barley 
planted 
7 A524 2/4 2008 0674665 6153479 20 30 -4 5 cut barley 0.13 Kongsgaard 
In May, there 
was barley 
planted 
8 A525 2/4 2008 0674668 6153482 59 14 
-
0.5 5 cut barley 0.13 Kongsgaard 
In May, there 
was barley 
planted 
9 A527 2/4 2008 0674672 6153640 59 30 
-
0.5 5 cut barley 0.13 Kongsgaard 
small stones; 
In May, there 
was barley 
planted 
10 A526 2/4 2008 0674585 6153685 61 5 0 2 Wheat 0.4 Kongsgaard stones 
11 A528 2/4 2008 0674690 6153652 17 15 -5 2 Wheat 0.4 Kongsgaard   
12 A529 6/4 2008 0674603 6153728 21 35 
-
1.5 6 Wheat 0.4 
Stone Carving 
Business 
Leased to a 
corporate 
farmer, 
unknown 
13 A530 6/4 2008 0674546 6153781 41 30 
-
0.5 6 Wheat 0.4 
Stone Carving 
Business 
Leased to a 
corporate 
farmer, 
unknown 
14 A531 6/4 2008 0674385 6153903 20 14 -1 5 Wheat 0.4 
Stone Carving 
Business 
Leased to a 
corporate 
farmer, 
unknown 
15 A532 6/4 2008 0674315 6154029 13 18 1 3 Wheat 0.4 
Stone Carving 
Business 
Leased to a 
corporate 
farmer, 
unknown 
16 A533 6/4 2008 0674291 6154107 11 15 0 3 Wheat 0.4 Kastrupgaard   
17 A534 6/4 2008 0674160 6154255 16 7 0 8 Barley 0.4 Kastrupgaard   
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18 A535 6/4 2008 0674045 6154294 20 8 
-
0.5 8 
Ploughed 
under 1 Kastrupgaard 
In May, there 
was wheat 
planted 
19 A536 6/4 2008 0673981 6154293 25 8 0 8 
Ploughed 
under 1 Kastrupgaard 
In May, there 
was wheat 
planted 
20 A537 6/4 2008 0673923 6154265 31 35 
-
1.5 8 Barley 0.4 Kastrupgaard stones 
21 A538 6/4 2008 0674034 6154265 16 40 -3 5 Barley 0.4 Kastrupgaard some stones 
22 A539 6/4 2008 0674148 6154227 13 35 -3 5 wheat 0.4 Kastrupgaard 
Artificial 
drainage, 
farmer has 
dug a drain 
out through 
the buffer to 
allow runoff 
23 A540 9/4 2008 0673860 6154289 19 22 
-
3.5 5 
Ploughed 
under 1 Kastrupgaard   
24 A541 9/4 2008 0673734 6154375 22 40 -1 5 Wheat 0.4 Kastrupgaard   
25 A542 9/4 2008 0673726 6154449 21 35 -2 3 Wheat 0.4 Kastrupgaard   
26 A543 9/4 2008 0673712 6154477 16 37 
-
1.5 3 Fallow 0.025 Kastrupgaard   
27 A544 9/4 2008 0673772 6154453 15 20 -2 10 
Ploughed 
under 1 Kastrupgaard 
Planted wheat 
in May 
28 A545 9/4 2008 0673735 6154500 22 8 -3 4 
Ploughed 
under 1 Kastrupgaard 
Planted wheat 
in May 
29 A546 9/4 2008 0674465 6154477 26 3 
-
0.5 4 Rapeseed 0.5 Kastrupgaard   
30 A547* 9/4 2008 0674499 6154587 28 2 
-
0.2
5 5 Rapeseed 0.5 Kastrupgaard   
31 A548* 11/5 2008 0674645 6153385 15 46 -5 3 Barley 0.4 Kongsgaard   
32 A549* 11/5 2008 0674746 6153555 59 80 -6 5 Wheat 0.4 Kongsgaard   
33 A550* 11/5 2008 0673082 6155106 75 100 -2 2 Wheat 0.4 lady with child 
Leases farm 
land to 
another farmer 
34 A551* 11/5 2008 0672543 6154981 70 230 -7 2 Wheat 0.4 lady with child 
Leases farm 
land to 
another farmer 
35 A552* 11/5 2008 0672342 6155124 28 36 
-
0.5 2 Wheat 0.4 lady with child 
Leases farm 
land to 
another farmer 
36 A553* 11/5 2008 0674075 6154422 31 200 -4 8 Wheat 0.4 Kastrupgaard 
2 Pictures, 
obvious runoff 
is to small 
wetlands area 
instead of 
stream 
37 A554* 11/5 2008 0674077 6154409 74 45 0 0 Forest 0.001 Kastrupgaard 
Taken in a 
small clearing 
used for 
trapping wild 
animals 
38 A555* 11/5 2008 0673864 6154193 33 150 
-
5.5 8 Wheat 0.4 Kastrupgaard   
39 A556* 11/5 2008 0674679 6154822 42 10 0 0 
Unused 
Pasture 0.003 Family w/horses 
No buffer 
since field has 
gone fallow 
for several 
years 
40 A557* 11/5 2008 0674702 6154910 58 5 0 0 
Mixed 
Forest 0.001 Forest Mostly pine 
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41 A558* 12/5 2008 0673495 6154690 27 15 0 5 Pasture 0.003 Annette 
5 meter gated 
off area from 
stream 
42 A559* 12/5 2008 0672706 6155037 26 55 
-
0.5 8 
Chirstmas 
Trees 0.36 Tree Farm 
Grass and 
Tree buffer 
43 A560* 12/5 2008 0673075 6154785 35 46 
-
0.5 0 
Hardwood 
Forest 0.001 Hunting man   
44 A561* 12/5 2008 0673098 6154739 24 15 0 0 Fallow 0.025 Hunting man   
45 A562* 12/5 2008 0673122 6154640 71 25 0 0 Pine Forest 0.001 Hunting man   
46 A563* 12/5 2008 0673183 6154635 28 10 0 10 Fallow 0.17 Hunting man 
Spot we took 
was tilled as a 
walk path for 
horses/people 
47 A564* 12/5 2008 0673374 6154604 21 20 0 10 Pine Forest 0.001 
Shetland Pony 
Couple   
48 A565* 12/5 2008 0672082 6155207 34 60 -2 2 Wheat 0.4 
Man who did not 
want to give name 
Number 49 on 
GPS, original 
48 was 
deleted due to 
determination 
on taking 
sample 
elsewhere 
49 A566* 12/5 2008 0672224 6155170 28 14 1 5 Fallow 0.025 Couple w/ mean dog 
Number 50 on 
GPS; Has not 
been 
cultivated 
since 2003 
Careful of dog 
50 A567* 12/5 2008 0672457 6154952 27 12 
-
0.5 3 Wheat 0.4 Allindemagle Farm 
Number 51 on 
GPS 
51 A568* 12/5 2008 0671595 6155086 32 10 
-
0.5 3 Tritikale 0.4 Allindemagle Farm 
Number 52 on 
GPS 
52 A569* 12/5 2008 0671806 6155129 36 8 
-
0.5 3 Rapeseed 0.5 Allindemagle Farm 
Number 53 on 
GPS 
53 A570* 12/5 2008 0671582 6155120 79 15 -1 3 Barley 0.4 Allindemagle Farm 
Number 54 on 
GPS 
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Yearly Fertilizer Rates for Haraldsted Catchment, in kg P ha-1 
Results: 
Fallow, Forest and Pasture Land, receiving no fertilizer, due to there is no manure number for horses.  All recently converted lands to fallow lands, have a 
medium P-Index value, and all forests have a low P-Index value.  Addition of fertilizer up to 40 kg P/ha does not affect the fields P- Index rating. 
P-Index Rating Number Site Ids 
Low (>60) 7 A543 (fallow), A556 (pasture), A557 (forest), A560 (forest), A561 (fallow), A562 (forest), A564 (forest) 
Medium (60 - 79) 3 A558 (pasture), A563 (fallow), A566 (fallow) 
 
10 kg P ha-1 P Values 
P-Index Rating Number Site Ids 
Low (>60) 12 A520, A521, A522, A523, A530, A531, A532, A533, A534, A536, A547, A554 
Medium (60 - 79) 9 A525, A526, A529, A535, A537, A541, A546, A559, A567 
High (80-99) 4 A538, A542, A552, A565 
Very High (100+) 18 A518, A519, A524, A527, A528, A539, A540, A544, A545, A548, 
A549, A550, A551, A553, A555, A568, A569, A570 
 
15 kg P ha-1 P Values 
P-Index Rating Number Site Ids 
Low (>60) 12 A520, A521, A522, A523, A530, A531, A532, A533, A534, A536, A547, A554 
Medium (60 - 79) 8 A525, A526, A529, A535, A537, A541, A546, A559 
High (80-99) 5 A538, A542, A552, A565, A567* 
Very High (100+) 18 A518, A519, A524, A527, A528, A539, A540, A544, A545, A548, 
A549, A550, A551, A553, A555, A568, A569, A570 
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20 kg P ha-1 P Values 
P-Index Rating Number Site Ids 
Low (>60) 9 A520, A521, A522, A530, A532, A533, A534, A547, A554, 
Medium (60 - 79) 9 A523*, A525, A526, A529, A531*, A535, A536*, A541, A546 
High (80-99) 5 A537*, A542, A559*, A565, A567 
Very High (100+) 20 A518, A519, A524, A527, A528, A538*, A539, A540, A544, A545, A548,  
A549, A550, A551, A552*, A553, A555, A568, A569, A570 
  
25 kg P ha-1 P Values 
P-Index Rating Number Site Ids 
Low (>60) 9 A520, A521, A522, A530, A532, A533, A534, A547, A554, 
Medium (60 - 79) 8 A523, A525, A526, A529, A531, A536, A541, A546 
High (80-99) 5 A535*, A537, A559, A565, A567 
Very High (100+) 21 A518, A519, A524, A527, A528, A538, A539, A540, A542*, A544, A545, A548,  
A549, A550, A551, A552, A553, A555, A568, A569, A570 
*Moved up to the next P-Index Rating 
30 kg P ha-1 P Values 
P-Index Rating Number Site Ids 
Low (>60) 8 A520, A521, A522, A530, A533, A534, A547, A554, 
Medium (60 - 79) 8 A523, A525, A529, A531, A532*, A536, A541, A546 
High (80-99) 6 A526*, A535, A537, A559, A565, A567 
Very High (100+) 21 A518, A519, A524, A527, A528, A538, A539, A540, A542, A544, A545, A548,  
A549, A550, A551, A552, A553, A555, A568, A569, A570 
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*Moved up to the next P-Index Rating 
 
35 kg P ha-1 P Values 
P-Index Rating Number Site Ids 
Low (>60) 8 A520, A521, A522, A530, A533, A534, A547, A554 
Medium (60 - 79) 7 A523, A525, A531, A532, A536, A541, A546 
High (80-99) 6 A526, A529*, A535, A537, A559, A567 
Very High (100+) 22 A518, A519, A524, A527, A528, A538, A539, A540, A542, A544, A545, A548,  
A549, A550, A551, A552, A553, A555, A565*, A568, A569, A570 
*Moved up to the next P-Index Rating 
 
 
40 kg P ha-1 P Values 
P-Index Rating Number Site Ids 
Low (>60) 6 A520, A521, A533, A534, A547, A554 
Medium (60 - 79) 8 A522*, A523, A525, A530*, A531, A532, A536, A541,  
High (80-99) 7 A526, A529, A535, A537, A546*, A559, A567 
Very High (100+) 22 A518, A519, A524, A527, A528, A538, A539, A540, A542, A544, A545, A548,  
A549, A550, A551, A552, A553, A555, A565*, A568, A569, A570 
*Moved up to the next P-Index Rating 
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 Soil Texture Classification 
Percent Clay Percent Silt Percent Sand 
USDA Soil 
Classification 
13%  32%  56%  sandy loam 
16%  33%  51%  sandy loam 
5%  31%  64%  sandy loam 
11%  28%  61%  sandy loam 
6%  42%  52%  sandy loam 
9%  46%  45%  loam 
12%  33%  55%  sandy loam 
9%  28%  63%  sandy loam 
10%  31%  59%  sandy loam 
10%  34%  56%  sandy loam 
11%  37%  52%  loam 
10%  32%  58%  sandy loam 
11%  34%  55%  sandy loam 
5%  36%  59%  sandy loam 
9%  28%  63%  sandy loam 
6%  43%  51%  sandy loam 
7%  50%  43%  silty loam 
4%  42%  55%  sandy loam 
5%  38%  57%  sandy loam 
9%  30%  61%  sandy loam 
13%  31%  56%  sandy loam 
16%  36%  49%  loam 
5%  18%  77%  loamy sand 
6%  29%  65%  sandy loam 
11%  28%  61%  sandy loam 
11%  26%  64%  sandy loam 
10%  44%  46%  loam 
10%  31%  59%  sandy loam 
9%  28%  63%  sandy loam 
10%  33%  57%  sandy loam 
Hand   Texture  Analysis  sandy loam 
Hand   Texture  Analysis  loamy sand 
Hand   Texture  Analysis  loamy sand 
Hand   Texture  Analysis  loamy sand 
Hand   Texture  Analysis  sandy loam 
Hand   Texture  Analysis  loamy sand 
Hand   Texture  Analysis  sandy loam 
Hand   Texture  Analysis  sand  
Hand   Texture  Analysis  sand 
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Hand   Texture  Analysis  sandy loam 
Hand   Texture  Analysis  sandy loam 
Hand   Texture  Analysis  sandy loam 
Hand   Texture  Analysis  sandy loam 
Hand   Texture  Analysis  sand  
Hand   Texture  Analysis  sand  
Hand   Texture  Analysis  sand  
Hand   Texture  Analysis  sandy loam 
Hand   Texture  Analysis  sand  
Hand   Texture  Analysis  sandy loam 
Hand   Texture  Analysis  sand  
Hand   Texture  Analysis  sand  
Hand   Texture  Analysis  peat 
Hand   Texture  Analysis  loamy sand 
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 USLE Calculations: 
 
USLE Calculations 
Site ID  A R K LS C P 
A518 44.52549 24679 0.04 0.112762 0.4 1 
A519 236.4515 24679 0.04 0.598818 0.4 1 
A520 5.873457 24679 0.0375 0.081366 0.13 0.6 
A521 16.5456 24679 0.0425 0.24269 0.13 0.5 
A522 6.925981 24679 0.035 0.06168 0.13 1 
A523 4.452416 24679 0.0375 0.06168 0.13 0.6 
A524 20.50017 24679 0.04 0.31949 0.13 0.5 
A525 8.906873 24679 0.035 0.079321 0.13 1 
A526 5.70677 24679 0.04 0.074115 0.13 0.6 
A527 24.96857 24679 0.04 0.063233 0.4 1 
A528 75.09472 24679 0.041 0.37108 0.4 0.5 
A529 59.19145 24679 0.04 0.149903 0.4 1 
A530 30.45254 24679 0.035 0.088139 0.4 1 
A531 21.54361 24679 0.035 0.103923 0.4 0.6 
A532 38.59306 24679 0.0375 0.104253 0.4 1 
A533 17.48862 24679 0.029 0.06109 0.4 1 
A534 15.90291 24679 0.029 0.055551 0.4 1 
A535 67.33484 24679 0.035 0.077955 1 1 
A536 49.96843 24679 0.035 0.05785 1 1 
A537 57.13682 24679 0.041 0.141171 0.4 1 
A538 103.0365 24679 0.041 0.254577 0.4 1 
A539 91.01621 24679 0.035 0.263429 0.4 1 
A540 229.0052 24679 0.035 0.265124 1 1 
A541 34.55409 24679 0.03 0.116678 0.4 1 
A542 81.23344 24679 0.045 0.182867 0.4 1 
A543 4.119957 24679 0.045 0.148393 0.025 1 
A544 150.0538 24679 0.035 0.173721 1 1 
A545 141.9343 24679 0.0375 0.153366 1 1 
A546 21.72383 24679 0.035 0.083834 0.5 0.6 
A547 19.04854 24679 0.0375 0.068609 0.5 0.6 
A548 249.0348 24679 0.065 0.776228 0.4 0.5 
A549 415.0463 24679 0.065 1.078064 0.4 0.6 
A550 177.4996 24679 0.065 0.276628 0.4 1 
A551 1816.517 24679 0.065 2.830991 0.4 1 
A552 55.43114 24679 0.065 0.086388 0.4 1 
A553 325.4395 24679 0.065 1.014377 0.4 0.5 
A554 0.001119 24679 0.065 0.069781 0.001 0.01 
A555 829.5747 24679 0.065 1.292869 0.4 1 
A556 0.305723 24679 0.065 0.063528 0.003 1 
A557 0.000857 24679 0.065 0.053401 0.001 0.01 
A558 0.002936 24679 0.065 0.061007 0.003 0.01 
A559 32.14012 24679 0.065 0.092758 0.36 0.6 
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A560 0.0014 24679 0.065 0.087303 0.001 0.01 
A561 0.024217 24679 0.065 0.060387 0.025 0.01 
A562 0.001055 24679 0.065 0.065797 0.001 0.01 
A563 9.699602 24679 0.065 0.059281 0.17 0.6 
A564 0.001032 24679 0.065 0.064346 0.001 0.01 
A565 71.60825 24679 0.065 0.223199 0.4 0.5 
A566 4.105841 24679 0.065 0.102381 0.025 1 
A567 31.75511 24679 0.065 0.082482 0.4 0.6 
A568 55.04273 24679 0.065 0.085783 0.4 1 
A569 65.3336 24679 0.065 0.081456 0.5 1 
A570 44.10136 24679 0.065 0.114551 0.4 0.6 
 
